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Abstract

furthermore, the percentage of Breg cells and NK cells was normal.

Keywords: Breg cells, NK cells, CD24, case report, BAAT.

Background: Mutations in the genes are responsible for multiple hereditary human diseases, including cognitive impairment. However, the
mechanism and the concomitant immunological characteristics are rarely reported in babies.

Case presentation: In this study, a 13-months-old baby was screened, and a series of experiments including chromosome microarray analysis
(CMA) and flow cytometry were conducted to investigate the characteristic of the patient. Through CMA, we found the deletion mutation in the
region of chr9g922.33g32, which includes the gene encoding the bile acid-CoA: amino acid N-acyltransferase (BAAT). What’s more, we found
the baby had hyperbilirubinemia. In addition, the percentage of CD24"CD38 high regulatory B (Breg) cells was high, while the percentage of

Natural killer (NK) cells was low. Moreover, in the parents, there was not any abnormal change of copy number in the region of chr9g22.33g32;

Conclusions: These findings revealed a possible cause of cognitive impairment, which involved genetic mutations and a high proportion of

Breg cells. Importantly, CD24, the identified marker of Breg cells might be targetable for the disease.

Introduction

Background

Cognitive impairment may occur at the very earliest stages and would
be further exacerbated by metabolic syndrome [1]. The
pathophysiology of cognitive impairment is multifactorial, and the
duration of bile acid synthesis disorder may have an impact on the
type and severity of cognitive impairment [2]. Several promising
therapies have been performed in pre-clinical studies but remain to be
validated in clinical trials.

Mutations in the genes encoding the bile acid-CoA: amino acid N-
acyltransferase (BAAT) are responsible for multiple hereditary
human diseases [3]. The protein encoded by this gene is a liver
enzyme that would catalyze the transfer of bile acids from the acyl-
CoA thioester to either taurine or glycine. Defects in this gene are a
cause of hyperbilirubinemia, which now is thought to be associated

with cognitive impairment [2].

The interplay between the immune system and cognitive impairment
is complex. Natural killer (NK) cells originate from hematopoietic
stem cells (HSCs), and the NK cell function is finely tuned by
activating and inhibitory receptors, allowing NK cells to discriminate
between normal and aberrant cells [4]. What’s more, NK cells would
contribute to Alzheimer's Disease (AD), and targeted NK cells might
be novel strategies to combat AD [5]. CD24*CD38"9" regulatory B
(Breg) cells are part of the adaptive immune response, and recent data
suggested that they may contribute to a healthy pregnancy by their
regulatory/suppressive function [6]. What’s more, Breg cells could
inhibit the differentiation of Thl and Th17 cells and suppress effector
CD4" and CD8" T cells via the release of IL-10 [7]. In addition,
patients with benign multiple sclerosis showed cognitive impairment
and increased Breg cells, which may play a role in it [8]. CD24 is a

small, glycophosphatidylinositol-anchored cell surface protein, and is
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mostly investigated in inflammation, cancer, and autoimmune
diseases [9]. CD24 has also been identified as a marker of Breg cells
[7]. Furthermore, CD24 plays a significant role in glioma
tumorigenesis. Overexpression of CD24 could stimulate glioma cell
migration and invasion. Likewise, using anti-CD24 neutralizing
monoclonal antibodies would attenuate glioma tumor growth [10].
Moreover, Keren Nitzan et al. demonstrated that CD24” mice

exhibited better cognitive performance compared with WT mice, with

Methods

Patient data were collected via retrospective chart review, which
included clinical characteristics; chromosome microarray analysis
(CMA), and flow cytometry [11]. Detailed methods are available in
the Supplementary material. The case report was conducted in

Case presentation

The baby is a boy, born at 40*° weeks’ gestational age, the first child
of non-consanguineous parents. The baby was delivered by Caesarean
section with II° polluted amniotic fluid. The Apgar score was 10 points
in 1 minute and 10 points in 5 minutes. On day 2, the boy was
diagnosed with neonatal pneumonia and neonatal hyperbilirubinemia.
The value of Creatine Kinase-MB was 105 U/L at 1 year old. The
baby lifted his head at 4-month old and rolled over at 8-month old;
Next, he could stand at 10-month old. Now, he could not crawl or say,

mama. The characteristics of the 13-months-old boy

Table S1: Baseline characteristics of the patient

no effect on depression-like behavior [9]. Therefore, if the patient
with cognitive impairment showed an abnormal percentage of Breg
cells, and if CD24 could be targetable for the disease remain to be
explored.

Here, we examined the characteristics of the baby with cognitive
impairment and demonstrated the abnormal proportion of Breg cells
in the blood, to ascertain whether abnormal Breg cells are related to

cognitive impairment.

accordance with the Declaration of Helsinki. The case report was
approved by the institutional review board of the First Affiliated

Hospital of the University of Science and Technology of China.

are shown in (Table S1). The boy was diagnosed with
hyperbilirubinemia with cognitive impairment in the First Affiliated
Hospital of the University of Science and Technology of China.
Through CMA, we found the deletion mutation in the region of
chr9g22.33932 (99173949 112961198), which included the gene
encoding BAAT, the defects in which are a cause of
hyperbilirubinemia. Importantly, altered bile acid profile could
associate with cognitive impairment [2]. In the parents, there was not

any abnormal change in the region of chr9g22.33qg32.

Characteristic

Value

Gender (M/F)
Age, months

Cognitive impairment (Y/N)
White blood cell count, x10%/L
Red blood cell count, x10'%/L

Platelet count, x10%/L
Lymphocyte count, x10°%/L
Neutrophil count, x10%/L
CRP (mg/L)

TBil (umol/L),

Direct bilirubin (umol/L)
Indirect bilirubin (umol/L)
TP (g/L)

Albumin (g/L)

ALT(u/L)

Urea nitrogen (mmol/L)
Creatinine (umol/L)
Hemoglobin (g/L)

M
13.0
Y
6.38
4.15
240
2.37
3.10
8.25
175.9
3.15
175.25
58.78
34.54
40.62
4.09
68.34
145

Y/N, Yes/No; M, Male; CRP, C-reactive protein; TBil, total bilirubin; TP, total protein; ALT, alanine transaminase.
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Thereafter, to investigate the immunological characteristics and the
possible mechanism underlying the cognitive impairment, we isolated
mononuclear cells from the peripheral blood and systematically
analyzed the immunological characteristics. We found the percentage
of CD56"CD3" NK cells were quite low (only about 3 %), while the
percentage of CD24*CD38"9" Breg cells was high (about 30 %) in the
patient (Figure 1A) [6,7,12]. However, the percentage of Breg cells
and NK cells in the parents was normal. Human NK cells can be
classified into two main classic subsets dependent on CD56 and
CD16: CD56""MCD16™ and CD56Y™CD16" NK cells [13]. The
former is considered an efficient cytokine producer. The proportion
of these cells was nearly 69 % in the patient (Figure 1B). The NK
cell's function is finely tuned by activating and inhibitory receptors,

allowing NK cells to discriminate between normal and aberrant cells
[4], thus we analyzed the receptors of NK cells, and we did not find
the significant change of NKp30 and NKG2D expression (Figure
1B). What’s more, we found the expression of KIR3DL1 was low in
the patient. In addition, the proportion of CD14*CD16" inflammatory
monocytes seemed normal in the patient, while high in the mother
(Figure 1B). Furthermore, we found the expressions of inhibitory
molecules such as NKG2A and PD-1 in CD8'T cells, as well as the
proportion of NKG2A*KLRG1* NK cells, were low in the patient, but
high in the mother (Figure 1C). Collectively, we demonstrated that
the proportion of Breg cells was extraordinarily elevated in the
patient. Although the proportion of NK cells decreased, the

expression of the inhibitory molecular was not increased.
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Figure 1: Increased Breg cells and decreased NK cells in the patient.

Mononuclear cells were derived from the PB (peripheral blood) of the patient and his parents.

(A) Density plots of CD56"CD3 NK cells and CD56'CD3* T cells (left), CD19*CD3" B cells (middle), and CD24*CD38 high Breg cells (right) in
gated CD45" cells from PBMC of the patient (above), the father (middle), and the mother (below).

(B) Density plots of CD56 bright NK cells, CD38"CD8" T cells, NKp30™ NK cells, NKG2D" NK cells, CD158" NK cells, and CD14*CD16"
monocytes in gated CD45" cells from PBMC of the patient (left), the father (middle), and the mother (right).

(C) Density plots of NKG2A" CD8* T cells (left), PD-1"CD8* T cells (middle), and KLRG1* NKG2A* NK cells (right) in gated CD45" cells from

PBMC of the patient (above), the father (middle), and the mother (below).
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Discussion and Conclusions

Over the last decade, the importance of identifying and treating
cognitive impairment is getting more and more attention. It is
important to get a better understanding of potential moderators
contributing to cognitive impairment and find effective treatments.
All these data encourage the development of further studies to find
effective strategies to prevent and treat cognitive impairment
associated with bipolar disorder. These efforts may ultimately leadto
an improvement of psychosocial functioning in these patients.

Here, we firstly demonstrated that the 13-months-old baby with the
deletion mutation in the region of chr9922.33932, which includesthe
gene encoding the BAAT, was diagnosed with hyperbilirubinemia
and showed cognitive impairment. As there is no effective treatment
for cognitive impairment, we then tried to find breakthroughs from
immunological characteristics. We found the percentage of
CD24*CD38"9" Breg cells was high in the patient. However, in the
parents there was not any mutation in the region of chr9g22.33932;
furthermore, the percentage of Breg cells was normal.

Given that NK cells would contribute to nervous system disease,
including AD [5], next, we analyzed the data and found the NK cells

Abbreviations: CMA: chromosome microarray analysis; Breg:
regulatory B; NK: Natural killer; BAAT: bile acid-CoA: amino acid
N-acyltransferase
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Supplementary Materials and Methods

Flow cytometry

Mononuclear cells were firstly derived from the bone marrow and the mononuclear cell suspensions were then treated with mouse serum to block

the binding to non-specific Fc receptors. Next, to assess the surface and intracellular markers, the cells were stained with anti-human monoclonal

antibodies, from BD Biosciences and Bio Legend, in accordance with the manufacturer's instructions. Data were collected using an FCM LSR I

flow cytometer (BD Biosciences, USA) and analyzed using FlowJo software (Tree Star, USA).

Table S2: Antibodies used in flow cytometric analysis

Antibody Brand Cat. No.

APC-CY7 Mouse o Cat# 557832,
BD Bioscience

Anti-Human CD3 RRID:AB_396890

FITC Mouse Anti- o Cat# 555406,
BD Bioscience

Human CD16 RRID:AB_395806

FITC Mouse Anti- o Cat# 555440,
BD Bioscience

Human CD27 RRID:AB_395833

APC-Cy7 Mouse
Anti-Human CD14
PerCP-CY5.5
Mouse Anti-
Human CD38
FITC Mouse Anti-
Human CD4
PE-Cy7 Mouse
Anti-Human CD8
PE Mouse Anti-
Human PD-1

APC Mouse Anti-
Human HLA-DR
PE Mouse Anti-
Human NKG2D
Alexa Fluor® 647
Mouse Anti-
Human NKP30
FITC Mouse 1gG1,

K
PE Mouse IgGl, «

PerCP-Cy5.5
Mouse IgG1, k
PE-Cy7 Mouse
IgGl1, x

Alexa Fluor 647
Mouse IgG1, x
APC-Cy7 Mouse
IgGl, x

APC-Cy7 Mouse
IgGl1, kx

BD Bioscience

BD Bioscience

BD Pharmingen

BD Pharmingen

BD Bioscience

BD Bioscience

BD Bioscience

BD Bioscience

BD

BD

BD

BD

BD

BD

Biolegend

Cat# 557831

Cat# 551400,
RRID:AB_394184

Cat# 555346,
RRID:AB_395751
Cat# 557746,

RRID:AB_396852
Cat#560795,

Cat# 559866,
RRID:AB_398674

Cat# 557940

Cat# 558408,
RRID:AB_398454

Cat# 555748,
RRID:AB_396090
Cat# 55749,
RRID:AB_396091
Cat# 552834,
RRID:AB_394484
Cat# 557872,
RRID:AB_396914
Cat# 557714,
RRID:AB_396823
Cat# 557873,
RRID:AB_396915
Cat# 400161,
RRID:AB_11125373
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Cat# 555574,

PE Mouse IgG2a,« BD
RRID:AB_395953
PerCP-Cy5.5 BD Cat# 558020,
Mouse IgG2a, RRID:AB_396989
PE-Cy7 Mouse
Biolegend Cat# 400325

IgG2b, k

No., number; Cat., catalog; RRID, Research Resource Identifier.
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