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Up-regulation of BTLA expression in myeloid dendritic cells in neonatal sepsis
associated with the treatment outcome and down-regulation of DC function
Wandang Wang 

Xiaolan Hospital A�liated to Southern Medical University
Xuran Yang 

Southern Medical University Nanfang Hospital
Mingfa Guo 

Children's Hospital A�liated to Zhengzhou University
Zhifeng Pan 

Xiaolan Hospital A�liated to Southern Medical University
Mingjin Qiu 

Xiaolan Hospital A�liated to Southern Medical University
Jingyi Wu 

Xiaolan Hospital A�liated to Southern Medical University
Jing Jia 

Children's Hospital A�liated to Zhengzhou University
Yingliang Liang 

Xiaolan Hospital A�liated to Southern Medical University
Wenting Zheng 

Xiaolan Hospital A�liated to Southern Medical University
Guanghui Chen  (  chenguanghui416@sina.com )

Southern Medical University A�liated Xiaolan Hospital https://orcid.org/0000-0002-7212-9490

Research

Keywords: BTLA; myeloid dendritic cells; neonatal sepsis

Posted Date: March 17th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-17398/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-17398/v1
mailto:chenguanghui416@sina.com
https://orcid.org/0000-0002-7212-9490
https://doi.org/10.21203/rs.3.rs-17398/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background: Neonatal sepsis is an acute life-threatening condition in neonates, and a proper innate in�ammatory is essential for prevention of the systemic
in�ammation associated with sepsis. As the most potential antigen-presenting innate immune cells, dentritic cells (DCs) dysfunction has been veri�ed
detrimental for sepsis. B and T lymphocyte attenuator (BTLA) is an immune-regulatory receptor shown to be associated with DCs dysfunction. However, the
role of BTLA expression in myeloid DCs (mDCs) in neonatal sepsis is unknown. 

Methods: 61 of neonates with sepsis and 32 of neonates having no suspicion of sepsis as control were enrolled into this study. BTLA and HLA-DR expression
in mDCs was measured by �ow cytometry. To further study the role of BTLA in regulating mDCs function, BTLA+mDCs and BTLA-mDCs from septic neonates
were sorted and utilized to evaluate the phagacytosis capacity, bactericidal ability as well as cytokine secretion of mDCs.

Results: A higher percentage of BTLA+mDCs were observed in neonatal septic patients and the percentage was positively correlated to the duration of
hospitalization of neonates as well as the severity of sepsis. Moreover, a decrease MFI expression of HLA-DR was found in mDCs in neonatal sepsis, which
expression was negatively correlated with the percentage of BTLA+mDCs. When compared to BTLA-mDCs, sorted BTLA+mDCs exhibited lower FITC-dextran
uptake capacity but more CFU E.coli number after cells challenged by E.coli. In addition, BTLA+mDCs comparatively secreted lower level of TNF-α and IL-12,
but higher IL-10. 

Conclusions: A higher level of BTLA in mDCs in the observed septic neonates was associated to the severity of neonatal sepsis; therefore, BTLA expression in
mDCs could be a useful biomarker help to determine the neonatal sepsis development. Additionally, BTLA negatively regulated the phagocytosis capacity and
bactericidal ability of mDCs and lowered their antigen-presenting ability as well as altered cells into an anti-in�ammatory phenotype. Thus, targeting BTLA in
mDCs may be a new therapeutic strategy for neonatal sepsis.

Background
Neonatal sepsis is an acute life-threatening condition in neonates caused by the infection of pathogens. Despite the advances of neonatal care, sepsis still
remains the third leading causes of neonatal death in worldwide, especially in developing countries [1, 2]. An updated analysis indicated that, of 6.3 million
deaths under the age of 5 years in 2013, 51.8% (3.257 million) were attributable to infectious causes and 44% (2.761 million) died in neonatal period [3]. Host
defense pathogen infection is dependent on coordinated innate and adaptive immune system. However, Immune dysfunction is often accompanied with the
progression of sepsis, and the prognosis of sepsis is largely dependent on the immune status of the host, as the initial over-stimulation of immune cells
responses and subsequent immunosuppression leads to the multi-organ failure and even death in neonates [4–6]. Therefore, by better understanding the
response pro�les of various immune cells during sepsis, we will be able to target their responses to reduce or prevent the occurrence of neonatal sepsis.
Dendritic cells (DCs), the most potential antigen-presenting cells, serve as barometers of the immune response against infection by determining the
in�ammatory milieu and promoting the initiation of adaptive immune responses. It has been found dysfunction of myeloid DCs (mDCs) was detrimental for
sepsis [7–9]. The dysfunction of DCs could lead to an immunosuppressive environment by inducing high level of IL-10 and TGF-β which causes an
upregulation of immunosuppressive regulatory T cells (Tregs) along with an impaired adaptive immune cell responses[10]. However, whether the dysfunction
of mDCs involved in the development of neonatal sepsis has still yet to be elucidated.

B and T lymphocyte attenuator (BTLA), an inhibitory co-receptor belonging to the CD28 family, its expression on DCs has been found associates with the DCs
dysfunction [11, 12]. BTLA was �rstly found expressed in CD4+T cells and B cells with similarities to cytotoxic T-lymphocyte antigen-4 (CTLA-4) and
programmed death-1 (PD-1)[13]. Thereafter, accumulating evidence veri�ed that not only CD4+T cells and B cells, most lymphocyte and immune cells,
including monocytes, macrophages, neutrophils, DCs, NK cells as well as CD8+T cells, also appear to be induced to express BTLA and the ligation of BTLA
may have effects on them as well [14]. BTLA acts as a ligand of herpesvirus entry mediator (HVEM; TNFRSF14), a TNFR super family member found on T, B,
NK, DC and myeloid cells [15]. The interaction of BTLA and HVEM can govern T cell responses, including their memory and regulation functions [15–18]. Prior
study demonstrated that BTLA−/− mice exhibit signi�cantly higher bacterial clearance compared with WT mice in the early phase of bacterial infection[19].
Shubin et al. [20] have also shown that BTLA−/− mice exhibited a higher rate of survival and protection from cecal ligation and puncture (CLP). Moreover,
recent studies showed that high expression of BTLA on the surface of DCs could negatively regulate their anti-tuberculosis immune activity in pleural
tuberculosis patients [21, 22]. These �ndings suggest that BTLA is involved in the clearance of pathogens in the early phase of immune responses and BTLA
expression on innate cells might be involved in the process. However, whether the BTLA expression on mDCs is associated with the sepsis in neonates
patients remains to be elucidated.

In this study, we collected clinical samples of neonates with sepsis to determine the regulation role of BTLA on mDCs and the association of neonatal sepsis
with BTLA-expressing mDCs, importantly, to determine how BTLA expression mediated mDCs dysfunction that contributes to neonatal sepsis occurrence. Our
data showed that the expression of BTLA in mDCs from neonatal patients was higher than that from non-septic neonates and a higher level of BTLA on mDCs
positively correlated to a severe sepsis outcome in neonates. Further study demonstrated that BTLA expression could lower the phagocytosis ability and
bactericidal capacity of mDCs and the potential mechanism maybe related to the regulation effect of BTLA on the expression of human leukocyte antigen-DR
(HLA-DR) and the changes of cytokine secretion of mDCs.

Materials And Methods

2.1 Patients
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The study was conducted between June 2018 and October 2019, which was approved by the ethical committee of the Xiaolan Hospital A�liated to Southern
Medical University and informed consent forms were signed by all guardian of participants. Neonatal sepsis inclusive criteria were: (1) Neonates (0–28 days)
presented as body temperature abnormality, jaundice, and weak response; (2) Laboratory results showed blood leukocytes larger than 20 × 109cells/L or
smaller than 5 × 109cells/L, rod nuclear cell ratio over 0.2, and/or C-reactive protein (CRP) above 8.0 mg/mL; and (3) Isolated pathogen from blood culture or
the same opportunistic pathogen by 2 consecutive cultures. Neonates with signi�cant clinical symptoms plus 2 of above abnormal laboratory results or
positive blood cultures could be diagnosed as neonatal sepsis[23]. All patients received standard treatment for sepsis. Patient medical records including
gestational ages, birth weight, delivery types, Apgar score at 1 min, hematological parameters, pathogenic features, and the duration of hospitalization were
reviewed. Each patient’s data was recorded on a standardized data collection form. Populations in controls comprised neonates having no suspicion of sepsis
but diagnosed with neonatal jaundice, hypoglycemia or wet lung.

2.2 Blood routine examination and serological assays for infectious markers
Whole blood samples from different groups were collected with EDTA-K2 anticoagulation tubes and procoagulant tube. The blood routine examination was
processed with SysmexXN2000. Infectious markers, including procalcitonin (PCT), interleukin-6 (IL-6), CRP and serum amyloid A (SAA) were detected using
assay kits in Roche Cobas-702 or Roche E411. All operations are performed in accordance with the SOP document and the manufacturer’s protocols.

2.3 Determination Of Btla Expression On Mdc
The expression of BTLA on mDCs was determined by �ow cytometry. Monoclonal antibodies Lin1-FITC, HLA-DR-PerCP, CD11c-PE and BTLA-APC were
purchased from BD Biosciences (San Diego, CA, USA). 100µL fresh collected whole blood of patients or controls was incubated with indicated antibodies for
30minutes at 4 °C and then lysed with FACS™ lysing solution (BD Biosciences, San Jose, CA, USA).Subsequently, those stained samples were washed with
phosphate buffered saline (PBS), �xed and eventually detected by BD FACS calibur with BD CellQuest software supporting. Data were analyzed using FlowJo
software 7.6 (Tree Star Inc., San Carlos, CA, USA).

2.4 Isolation And Puri�cation Of Mdcs
Peripheral blood monocytes cells (PBMCs) were isolated from freshly heparinized blood of neonatal sepsis using Ficoll-Histopaque (Sigma). Isolated PBMCs
were incubated with indicated antibodies for 30minutes at 4 °C and lysed with FACS™ lysing solution. Then, BTLA+mDCs and BTLA−mDCs populations were
puri�ed by �ow sorting with BD FACS AriaII. The purity of the cells was 97.63%.

2.5 Fitc-dextran Uptake Assay
The FITC-dextran uptake assay was setup by incubating cells with FITC-dextran in duplicate plates at 4 °C or 37 °C as previously described [21]. Brie�y, 5000
sorted BTLA+mDCs or BTLA−mDCs were incubated with 1 mg/mL FITC-dextran in 5 mL Falcon™ Polystyrene Round-Bottom Tubes (BD Biosciences) at 37 °C
and 4 °C (to determine baseline FITC-dextran uptake level) for 1 h, respectively. Then, cells were washed twice with PBS and resuspended in 200µL 2% FBS-
PBS containing 2% paraformaldehyde before analyzed with BD FACS caliber �ow cytometer. The percentage of phagocytosis was determined as following:
Percentage of phagocytosis of BTLA+mDCs(or BTLA−mDCs)(%) = Percentage of phagocytosis of BTLA+mDCs (or BTLA−mDCs) at 37 °C (%) -Percentage of
phagocytosis of BTLA+mDCs (or BTLA−mDCs) at 4 °C (%).

2.6 Bactericidal Activity Of Mdcs
Sorted BTLA+mDCs or BTLA−mDCs from neonatal sepsis patients were cultured in 12-well plates at 5000 cells/well in RPMI 1640 medium (Gibco, Grand
Island, NY, USA) and maintained at 37 °C in a humidi�ed atmosphere of 5% CO2. Afterwards, all groups of cells were infected with Escherichia coli (E.coli,
ATCC15922) (mDCs/bacteria ratio = 10:1) in vitro for 6 h. At indicated time, free bacteria were collected by Percoll gradient centrifugation (2000 rpm, 20 min)
and plated to MH agar to determine the bacteria killing capacity of BTLA+mDCs or BTLA−mDCs.

2.7 Cytokine Analysis
By infected with E.coli for 6 h, cytokines in the supernatant of infection system were detected using ELISA kits. TNF-α, IL-12 and IL-10 were quanti�ed using
human TNF-α, IL-12 and IL-10 ELISA kit respectively (ABclonal). When cytokines in the culture supernatant were analyzed, the concentration (pg/mL) was
determined and represented as mean ± SEM.

2.8 Statistical Analysis
The data were expressed with mean ± SEM. Flow cytometry data were analyzed by FlowJo software 7.6 (Tree Star Inc., San Carlos, CA, USA), and statistical
analysis was carried out using GraphPad Prism 5 software (GraphPad Software Inc., La Jolla, CA, USA) by Student’s t-test (parametric method) or Mann-
Whitney test (non-parametric method). The correlation analysis was processed by Pearson correlation analysis. P values < 0.05 was considered signi�cant.



Page 4/15

Results

3.1 Study Subject Characteristics
A total 61 of neonates with clinical neonatal sepsis and 32 of neonates having no suspicion of sepsis were enrolled into this study. Signi�cant difference were
found between the two group patients including the Apgar score at 1 min, duration of hospitalization, hematological parameters( including WBC, lymphocytes
and neutrophil) and infectious markers( including PCT, IL-6, SAA and CRP). Other parameters such as gender, gestational ages, birth weight, mode of delivery
and monocytes count had no statistical difference between two groups. Of 61 septic neonates, 40(65.57%) has positive and 21(34.43%) has negative culture
results. Among the 40 of culture positive cases, the pathogenic microorganism were 18(45%) Gram-positive and 22(55%) Gram-negative. Furthermore, data
showed the infection were mainly distributed in blood (39, 63.93%), less distributed in other sites like lung (12, 19.67%), brain(7, 11.48%), abdominal (2, 3.28%)
and skin(1, 1.64%)(Table 1).
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Table 1
Clinical characteristics of the patients in this study

Variable Sepsis (n = 61) Control (n = 32) P

Age(days) 5.63 ± 0.87 4.33 ± 0.93 > 0.05

Gender(M/F) 34/27 15/17 > 0.05

Gestational age (weeks) 35.88 ± 0.53 37.09 ± 0.31 > 0.05

Preterm newborns/ Term newborns 27/34 12/20 > 0.05

Birth weight (g) 2620 ± 120 2890 ± 120 > 0.05

Delivery type (NVD/CS) 32/29 13/19 > 0.05

Apgar score at 1 min 9.05 ± 0.22 9.94 ± 0.06 < 0.05

EOS /LOS 39/22 NA  

Hospital length of stay (days) 21.31 ± 2.15 7.28 ± 0.82 < 0.05

WBC count(× 109 cells/L) 13.62 ± 0.92 10.93 ± 0.48 < 0.05

Lymphocyte count(× 109 cells/L) 3.41 ± 0.28 4.29 ± 0.23 < 0.05

Monocytes count (× 109 cells/L) 1.22 ± 0.12 1.01 ± 0.05 > 0.05

Neutrophil count(× 109 cells/L) 8.72 ± 0.76 5.17 ± 0.48 < 0.05

Procalcitonin,PCT(ng/mL) 16.59 ± 2.89 0.19 ± 0.06 < 0.05

Interleukin-6,IL-6(pg/mL) 192.91 ± 58.18 9.09 ± 2.37 < 0.05

C-reactive protein,CRP(mg/L) 21.66 ± 3.73 1.10 ± 0.34 < 0.05

Serum Amyloid A,SAA( mg/L ) 19.1 ± 21.36 5.58 ± 0.58 < 0.05

Site of infection      

Blood 39(63.93%)    

Lung 12(19.67%)    

Brain 7(11.48)    

Abdominal 2(3.28%)    

Skin 1 (1.64%)    

Microbiological diagnosis      

Culture Negative 21(34.43%)    

Culture Positive 40(65.57%)    

Gram positive species 18 (45%)    

Group B streptococcus 8 (44.44%)    

Staphylococcus aureus 2 (11.11%)    

Staphylococcus haemolyticus 2 (11.11%)    

Staphylococcus epidermidis 2 (11.11%)    

Enterococcus Faecium 2 (11.11%)    

Pediococcus pentosaceus 1 (5.56%)    

Gram Negative species 22 (55%)    

Escherichia coli 11 (50%)    

Klebsiella Pneumoniae 7 (31.82%)    

Serratia marcescens 2 (9.09%)    

Enterobacter cloacae 1 (4.55%)    

Data presented as mean ± SEM or number (%). Preterm newborns (Gestational age < 37 weeks); Term newborns (Gestational age > 37 weeks); Early-onset
sepsis (EOS): onset of symptoms before 72hours of life; Late-onset sepsis (LOS): onset of symptoms beyond 72 hours after birth and before 28 days;
NVD: non-vaginal delivery; CS: caesarean section.
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Variable Sepsis (n = 61) Control (n = 32) P

Enterobacter aerogenes 1 (4.55%)    

Data presented as mean ± SEM or number (%). Preterm newborns (Gestational age < 37 weeks); Term newborns (Gestational age > 37 weeks); Early-onset
sepsis (EOS): onset of symptoms before 72hours of life; Late-onset sepsis (LOS): onset of symptoms beyond 72 hours after birth and before 28 days;
NVD: non-vaginal delivery; CS: caesarean section.

3.2 Expression of BTLA on mDC was higher in septic neonates compared with non-septic
neonates
The apoptotic loss and functional capacity of circulating DCs in sepsis patients are well known[10]. Given BTLA’s role in attenuating DCs function, we looked
for the differences of BTLA expression on mDCs (determined by CD11chighMHCIIhigh) from the peripheral blood of septic (n = 61) and non-septic (n = 32)
neonates patients to access the role of BTLA expression on mDC in neonatal sepsis. Our data showed that the percentage of BTLA+mDCs was signi�cantly
higher in septic neonates when compared to non-septic neonates (Fig. 1A-C). Our data also showed that the BTLA expression level in preterm neonates
(gestational ages < 37 weeks), lower weight neonates (body weight < 2500 g) and Apgar score at 1 min < 9 neonates were higher than that in full term, normal
birth weight (body weight > 2500 g) and Apgar score at 1 min > 9 neonates (Fig. 1D). Hence, we wonder whether BTLA expression level on mDCs could be a
predictive marker in neonatal sepsis. To verify our hypothesis, the ROC curve analysis was performed. Although the predictive effect was not as strong as PCT
(Areas under the curve (AUCs) 0.9319, 95% CI: 0.8840 to 0.9797), the percentage of BTLA+mDCs still was a relatively better marker in predicting neonatal
sepsis (AUCs 0.7113, 95% CI: 0.6004 to 0.8223) when compared with WBC (AUCs 0.5966, 95% CI:0.4839 to 0.7092) and neutrophil (AUCs 0.6726, 95%
CI:0.5646 to 0.7807) (Fig. 1E).

3.3 Percentage of circulating BTLA + mDCs was positively correlated with the severity of
neonatal sepsis
To assess the role of BTLA in neonates diagnosed with sepsis, septic neonate group was further divided into two sub-groups: severe neonatal sepsis
(neonates died for sepsis or the condition of septic neonates worsen and needed to be transferred to superior hospitals, Table 2) and non-severe neonatal
sepsis. Our data showed that the percentage of BTLA+mDCs from severe septic neonates was higher than that from non-severe septic neonates (Fig. 2A).
Later, we selected 5 of neonates in each group to study the changes of BTLA expression on mDCs along with prolonged hospitalization. Data demonstrated
that the percentage of BTLA+mDCs was stepwise increased in severe septic neonates throughout the whole 10 days of hospitalization, which in non-severe
septic neonates started to decrease from the 4th day (Fig. 2B). Furthermore, correlation analysis showed the percentage of circulating BTLA+mDCs was
positively correlated with the duration of hospitalization in non-severe septic patients (Fig. 2C). However, similar correlation was not found in control group
(Fig. 2D). All these data suggested higher expression of BTLA in mDCs may not conducive to the control of infection and evenwould lead to a pejorative
outcome in neonates with sepsis.
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Table 2
The detail characteristics in patients with severe neonatal sepsis

No Gender
(M/F)

Age
(days)

Gestational
age
(weeks)

Delivery
type
(NVD/CS)

Birth
weight
(kg)

Apgar score Site of
infection

Microbiological diagnosis Duratio
hospita
(days)1 min 5 min 10 min Bacterial

culture
Bacterial name

1 F 4 38 NVD 3.53 10 10 10 No found Negative   1

2 F 16 38 NVD 3.12 10 10 10 Blood Positive Klebsiella Pneumoniae 4

3 F 8 35 NVD 2.28 10 10 10 Abdominal Negative   9

4 M 9 39 CS 3.36 10 10 10 Brain Positive Escherichia coli 6

5 M 27 31 NVD 1.1 7 9 10 Lung Positive Serratia marcescens 47

6 M 16 39 CS 3.49 10 10 10 Skin Positive Staphylococcus aureus 2

7 M 15 38 NVD 4.05 10 10 10 Blood Positive Escherichia coli 3

8 F 1 32 NVD 1.66 8 9 9 No found Negative   12

9 M 1 28 NVD 1.32 5 7 8 No found Negative   15

10 F 3 41 CS 3.3 8 10 10 Blood Positive Group B streptococcus 2

11 M 22 38 NVD 2.6 10 10 10 Abdominal
and Brain

Negative   11

12 M 1 37 CS 3 10 10 10 Blood Positive Pediococcus pentosaceus 2

13 M 1 30 NVD 1.35 2 5 6 No found Negative   1

14 M 1 38 NVD 2.52 10 10 10 No found Negative   15

3.4 BTLA expression associated with a lower phagocytosis ability and bactericidal
capacity of mDCs
As phagocytosis is one of the important functions for APC to mediate innate immunity and antigen processing, we measured the phagocytosis ability of
BTLA+mDCs to access the regulation effect of BTLA on the cell function of mDCs. BTLA+mDCs or BTLA−mDCs from neonatal sepsis patients were sorted by
�ow cytometry, and incubated with FITC-labeled dextran. The phagocytosis capacity of BTLA+mDCs or BTLA−mDCs was measured by �ow cytometry.
Comparative analysis indicated that BTLA+mDCs exhibited lower FITC-dextran uptake capacity, whereas BTLA−mDCs uptake more dextran, suggesting BTLA-
expressing mDCs appeared with lower phagocytosis (Fig. 3A&B). In addition, we also designed bactericidal assay to further measure the regulatory effect of
BTLA on antibacterial activity of mDCs. Sorted BTLA+mDCs or BTLA−mDCs were challenged by E.coli (mDCs/bacteria ratio = 10:1) for 6 h and the free
bacteria from each group infection system were grown in MH agar to access the bactericidal capacity of different group of mDCs. As expected, more CFU
number was found in BTLA+mDCs group when compared with that in BTLA−mDCs group, indicating BTLA expression in mDCs suppressed the antibacterial
capacity of mDCs (Fig. 3C&D).

3.5 BTLA negatively regulated the synthesis of HLA-DR in mDCs
After internalizing exogenous pathogen, DCs were activated and mobilized peptide-MHC-II complexes to the surface and increase their stability to improve
recognition by CD4+ T cells and induce adaptive immune responses. Therefore, the antigen-presenting function of DCs dependent on the peptide-MHC-II
complexes expressed on the surface of DCs to a large extent. HLA-DR, an antigen presenting molecule, is one of the most powerful allogenic stimulator
corresponding to MHC class-II complexes expressed on DCs. Here, we detected the expression of HLA-DR in mDCs from neonatal patients and analyzed the
correlation of BTLA and HLA-DR expression in mDCs to verify the regulation effect of BTLA on mDCs function. Flow cytometry analysis demonstrated that the
expression level of HLA-DR in mDCs from septic neonates was lower than that from non-septic neonates (Fig. 4A). Besides, a signi�cantly lower expression
level of HLA-DR in mDCs from neonates with severe sepsis was found when compared with non-severe septic neonates (Fig. 4B). Moreover, in non-severe
septic neonates, the expression of HLA-DR in mDCs showed an upward trend after the 4th days of hospitalization, whereas the expression in neonates with
severe sepsis had no obvious change throughout the whole hospitalization (Fig. 4C). Correlation analysis demonstrated that the expression of HLA-DR in
mDCs was negatively correlated with the percentage of BTLA+mDCs in septic neonates (Fig. 4D). However, similar negative correlation could not be found in
control group (Fig. 4E). Collectively, a higher level of BTLA in mDCs may affect the synthesis of HLA-DR, which leads the antigen-presenting function of mDCs
to be impaired.

3.6 BTLA expression in mDCs contributes to decreasing pro-in�ammatory response but
rising IL-10 levels during the infection of E.coli
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Publication has reported both splenic and lymph node DCs during sepsis fail to acquire a mature state (expression of CD80, CD86, and CD40) and thus
release a lower quantity of IL-12 but higher quantity of IL-10, which resulting unresponsiveness and/or tolerance of T cells [24]. In our study, the supernatant
expression of TNF-α, IL-12 and IL-10 in sorted BTLA+mDCs and BTLA−mDCs from septic neonates was measured after infected by E.coli for 6 h. Data showed
that BTLA+mDCs secreted a lower level of TNF-α (Fig. 5A) and IL-12(Fig. 5B) but higher level of IL-10 (Fig. 5C) when compared with BTLA−mDCs, indicating a
role for BTLA in shifting mDCs from a pro-in�ammatory phenotype toward an anti-in�ammatory phenotype and the persistent anti-in�ammatory response is
believed to contribute to the profound state of immune paralysis and late septic death [25, 26].

Discussion
Neonatal sepsis is the constellation of symptoms occurring an infection with bacterial, viral, or fungal (mostly yeast) microorganisms that leads to a systemic
in�ammatory response in neonates [27, 28]. Despite the extensive use of broad-spectrum antibiotics, ventilator management, resuscitative strategies, and
improvement of nutritional support, four of every 10 neonates that develop sepsis die or experience major disability [29]. The newborn immune system is
complicated by its immaturity, however, akin to adult counterparts, immune exhaustion and dysfunction also occurred in neonates[30]. Published studies have
shown that co-inhibitory receptors, including PD-1, CTLA-4 and BTLA, are contributed to the progression of sepsis [20, 31–34]. Although these receptors were
originally thought primarily to be inducers of anergy in lymphocytes, such as CD4+ T cells, increasing evidence veri�ed that innate cell populations, including
macrophages, monocytes and DCs, also appear to be induced to express co-inhibitory receptors, including BTLA, and the ligation of these receptors may have
effects on them as well[20]. BTLA has been showed to be detrimental in the bacteria clearance in mice by impairing the recruitment of innate in�ammatory
immune cells to the infected sites as well as inhibiting them to present antigen to adaptive immune system [20]. However, the expression of BTLA as well as
its regulation effect on DCs in neonates with sepsis remains to be elucidated.

In our study, we found the percentage of BTLA+mDCs in septic neonates was signi�cantly higher than that in non-septic neonates. We conducted ROC curve
analysis, and the percentage of BTLA+mDCs was a relatively better marker in predicting neonatal sepsis even though the predictive effect was not as strong
as PCT. Yang and his colleagues con�rmed that BTLA is selectively expressed in CD8α+DCs, but not CD8α−DCs to regulate the bacteria expansion in mice [35].
But we did not further determine which subtypes of mDCs were elevated during neonatal sepsis, which would be our next study point. Complex immune
reactions were developed during sepsis, which can be conceptualized as an occurrence of a pro-in�ammatory along with a concomitant anti-in�ammatory
response and this persistent anti-in�ammatory response is believed to contribute to the profound state of immune paralysis and late morbid outcome [26, 36].
Therefore, the increased expression of inhibitory molecular in the early stage of sepsis could prevent the cytokine storm from inducing organ failure [37]. In
this regard, BTLA has been shown could directly inhibit LPS responses in DCs and Mϕs, and the agonistic agents of BTLA might have therapeutic potential for
LPS-induced endotoxic shock, which an overwhelming and uncontrolled immune responses would occur in the early phase of infection [37]. However, if their
expression still keeps in a high level during the immunosuppression stage, T cell anergy or immune cell deactivation would be induced and that is detrimental
for the bacteria clearance. Our data provided herein demonstrated that those neonates with severe sepsis showed higher level of BTLA+mDCs than non-severe
sepsis. As the extension of the days of hospitalization, the percentage of BTLA+mDCs showed a stepwise increase in severe septic neonates, whereas it began
to decrease from the 4th days of hospitalization in non-severe septic neonates. We feel that our �ndings provided here suggested that not only did the
percentage of BTLA+mDCs correlate to the severity of sepsis, but also it was valuable for prognostic evaluation of sepsis. The increased level of BTLA+mDCs
is not conducive to the control of infection, in other words, the higher level of BTLA+mDCs in the late stage of sepsis would be a predictor of pejorative
outcome in neonates with sepsis.

BTLA has been con�rmed to be detrimental for the clearance of bacteria, including L. monocytogenes and Plasmodium, suggesting a role for in inhibiting
innate phagocytic cell action [19, 35, 38]. Prior study also demonstrated that BTLA-expressing CD11c+ APCs from tuberculosis infected patient exhibit lower
antigen uptake capacity than BTLA negative CD11c APCs [21]. Consistently, our data demonstrated that BTLA+mDCs from septic neonates exhibited lower
phagocytosis ability and bactericidal capacity when compared with BTLA−mDCs. In addition to impairing the antigen-uptake capacity of DCs, the occurrence
of BTLA also has been found could negatively regulate the antigen-presenting capacity of innate cells to adaptive immune system, which is another
disadvantage for bacteria clearance. CD8α+DCs from BTLA de�cient mice are less e�cient at cross-presenting Listerial antigen to CD8+ T cells resulting in
less ability to induce T cells proliferation and IFN-γ production [35]. Our previous study also found that BTLA-expressing CD11c+ APCs from tuberculosis
infected patients display lower stimulatory capacity of CD3+T cells, especially CD8+T cells, because of the diminished expression of HLA-DR and lower
production of IL-6[21]. Interestingly, in this study, we found HLA-DR expression in mDCs was lower in neonates with sepsis than neonates with no sepsis.
However, a much higher level expression of HLA-DR in mDCs was found in septic neonates than severe septic neonates and an increasing tendency was
found as the extension of hospitalization, which keeps in a relative stable expression in severe septic neonates. Furthermore, HLA-DR expression in mDCs was
negatively regulated by BTLA in neonates with sepsis but not no-sepsis. Combined with previous studies, our �ndings provided new evidence for the regulation
effect of BTLA in the cell function of mDCs and might interpret partially why neonates with higher levels of BTLA in mDCs display severe sepsis and longer
duration of hospitalization.

Cytokine plays an important role in in�uencing the cell function of DCs. It is veri�ed that co-inhibitory receptors, including PD-1 and BTLA, could not only
inhibiting innate cells effector function but also shifting them into anti-in�ammatory phenotypes as well. The induced or secreted anti-in�ammatory
mediators, like IL-10, are thought to cause innate immune cells, including monocytes, macrophages and DCs, to become dysfunctional. The dysfunction
includes reduced IL-1, TNF-α, and IL-6 pro-in�ammatory cytokine, but increased IL-10, which are not conducive to the control of infection during sepsis[36]. As
an activator of DCs, the expression of IL-12 also was found to be reduced during sepsis[39, 40].In our study, we found BTLA-expressing mDCs from septic
neonates indeed secreted lower levels of TNF-α and IL-12, but higher IL-10 after infected by E.coli. However, study with acute experimental sepsis induction in
mice model demonstrated that IL-10, TNF-α, IFN-γ and IL-6 all were increased, whereas only IL-10 expression was reduced when diminished BTLA
expression[20]. In other words, BTLA expression only contributes to the regulation of anti-in�ammatory system but not pro-in�ammatory system. There are
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Figures

Figure 1

Figure 1 High percentage of BTLA+mDCs associated with the neonatal sepsis. Gating strategy of mDCs (CD11c+HLA-DR+DCs) and representative �ow plots
for BTLA expression by mDCs(A&B). Histograms showing the percentage of BTLA+mDCs in sepsis and control group patients (C). Histograms showing the
percentage of BTLA+mDCs between preterm and term, EOS and LOS, BW<2500g and BW>2500g, ASP1<9 and ASP1>9, NVD and CS, Gram+ and Gram-
neonatal sepsis patients (D). Receiver Operating Characteristic (ROC) curve of the sensitivity and speci�city of percentage of BTLA+mDCs (blue line), WBC
(red line), neutrophil (yellow line) and PCT (pink line) (E).
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Figure 2

Expression level of BTLA on mDCs associated with the neonatal septic severity. Comparsion of BTLA+mDCs percentage within severe-septic (n=14) and non-
severe septic neonates(A). Percentage of BTLA+mDCsin selected severe septic neonates (n=5) and non-severe septic neonates (n=5) on the 1st, 4th, 7th and
10th days of hospitalization (B).Correlation analysis between the percentage of BTLA+mDCs and the hospital length of stay in non-severe neonatal septic
patients (n=47) (C) or control group of neonates (n=32) (D).
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Figure 3

BTLA+mDCs exhibited lower phagocytosis ability and bactericidal capacity. The FITC-dextran uptake assay was setup by incubating BTLA+mDCs and BTLA-
mDCs with FITC-dextran at 37°C and 4°C to compare the phagocytosis ability of BTLA+mDCs and BTLA-mDCs by analyzed with �ow cytometry.
Representative �ow plots and histograms showing the phagocytosis ability of BTLA+mDCs and BTLA-mDCs(A&B).BTLA+mDCs and BTLA-mDCsfrom
neonatal septic patients were infected with E.coli for 6h and the left free bacteria were put into MH agar in triplicate to determine bactericidal capacity of
BTLA+mDCs and BTLA-mDCs. Representative bacteria colony pictures and histograms showing the number of colony-forming unit (CFU) in each group
(C&D).
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Figure 4

Expression of BTLA was negatively correlated with the HLA-DR expression on mDCs. Comparing the mean �uorescence intensity (MFI) of HLA-DR in mDCs
between septic and control group neonatal patients (A). Histograms showing the MFI of HLA-DR in mDCs from neonates with severe sepsis or non-severe
sepsis (B). Flow cytometer analysis of the expression of HLA-DR in mDCs from selected severe septic neonatal patients (n=5) and non-severe septic neonatal
patients (n=5) on the 1st, 4th, 7th and 10th days of hospitalization(C). Correlation analysis of the expression of HLA-DR and BTLA in mDCsfromseptic
neonates (D) or control neonates (E).

Figure 5
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Changes of cytokine expression in BTLA-expressing mDCs. Sorted BTLA+mDCs and BTLA-mDCs from neonatal septic patients were infected with E.coli for 6h
and the supernatant were collected to measure the cytokine expression with ELISA assay. Histograms showing the concentration of TNF-α (A), IL-12 (B) and
IL-10 (C) between BTLA+mDCs and BTLA-mDCs.


