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Abstract

Background T cells have been implicated in various neurological conditions, yet their role in neonatal brain injuries
remains unclear. This study aimed to investigate the impact of perinatal factors on frequencies of T cell subsets in
preterm infants and to explore the differences in blood genome expression profiles between preterm infants with
and without brain injury.

Materials and methods Three cohorts of preterm infants were used. Blood samples were collected soon after birth
for the first cohort and late timepoint for the second and third cohorts. In the first cohort (88 infants), flow cytometry
measured the proportions of a3T and y&T cell subsets in peripheral blood, analyzing associations with gestational
age, birth weight, sex, delivery type, and maternal conditions. The second cohort focused on the relationship
between T cell subsets and brain injury. In the third cohort, transcriptome sequencing identified differentially
expressed genes and pathways in infants with brain injury, highlighting immune-related changes.

Results Infants born at 29-30 weeks or with a birth weight of 1000-1500 g had significantly higher proportions of
V2™ T cells compared to those born at 30-32 weeks or with a birth weight > 1500 g, while no significant difference
was found between infants born at <29 weeks or with a birth weight < 1000 g. A negative correlation was observed
between gestational age and V82* T cell frequency. No significant associations were found between V82* T cell
proportions and perinatal factors other than gestational age or brain injury. Blood transcriptome analysis revealed 173
differentially expressed genes, characterized by downregulated interferon signaling and upregulated antimicrobial
and neutrophil pathways in infants with brain injury.

Conclusions Gestational age and birth weight influence V62" T cell proportions in preterm infants, likely reflecting
immune maturation. While no direct link to brain injury was found, altered immune pathways suggest potential
biomarkers for prognosis, warranting further research into their roles and therapeutic implications in neonatal brain
injuries.
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Introduction

Preterm birth is a global health issue, responsible for sig-
nificant neonatal mortality and long-term neurodevelop-
mental challenges [1, 2]. Infants born before 32 weeks of
gestation are particularly vulnerable, with higher risks of
brain injuries such as punctate white matter lesions and
germinal matrix hemorrhage (GMH). These injuries can
have profound effects on cognitive and motor develop-
ment, creating socioeconomic challenges for infants,
families and healthcare systems [3, 4]. Despite extensive
research, effective clinical interventions for preventing or
mitigating these injuries remain elusive [5], highlighting
the urgent need for a deeper understanding of the under-
lying mechanisms and potential biomarkers of preterm
birth related brain injury.

One of the key areas of research in neonatal brain
injury is the neuroimmune axis, particularly their role of
unconventional T cells like y8T cells in brain homeosta-
sis and injury response [6]. Previous studies have shown
altered ydT cell frequencies in neonatal brain injuries,
suggesting a potential role for these cells in neonatal
brain damage [7-10]. However, the specific influence of
perinatal factors on T cell subsets, particularly V&2* T
cells, in very preterm infants remains largely unexplored.

In this context, immune system development, espe-
cially that of T cells, plays a critical role in both brain
development and injury response in neonates. y8T cells,
which constitute a small but significant proportion of
the peripheral T cell population, have been implicated
in neuroinflammatory processes in various preclinical
models. Within this subset, V82" T cells are of particular
interest due to their early appearance during fetal devel-
opment and their potential cytotoxic and immune-regu-
latory roles. However, the relationship between V82" T
cell frequencies and brain injury in preterm infants has
yet to be fully characterized.

In addition to immune cell dynamics, the molecular
mechanisms underlying brain injury can be further elu-
cidated through transcriptome analysis. Blood-based
transcriptomics provides a window into the gene expres-
sion changes associated with immune responses and
neural damage in conditions such as neonatal encepha-
lopathy [11-15]. Identifying these transcriptomic altera-
tions could lead to the discovery of novel biomarkers for
early diagnosis and prognosis of brain injuries in preterm
infants.

The aim of this study was to investigate the impact of
maternal and infant-related perinatal variables on the
proportions of T cell subsets, particularly V82" T cells,
at birth and to assess their association between these
immune cells and brain injuries in preterm infants.
Additionally, we seek to explore the molecular mecha-
nisms underlying brain injury by analyzing transcrip-
tome profiles in affected infants to identify differentially
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expressed genes and altered pathways that may contrib-
ute to the condition. This combined approach may help
uncover potential biomarkers for brain injury and offer
insights into the development of targeted therapeutic
interventions.

Methods

Study design and sample collection

This study was conducted at the Third Affiliated Hospi-
tal of Zhengzhou University and involved birth cohorts
before 32 weeks of gestation. Participants were recruited
based on the following inclusion criteria: preterm birth
before 32 weeks of gestation and availability of paren-
tal consent for participation. Exclusion criteria included
major congenital malformation, genetically determined
disease, and/or serious illness.

Peripheral blood samples were collected from three dis-
tinct cohorts of preterm infants at different time points
and for separate analyses. Cohort 1 included infants from
whom blood samples were obtained within three hours
of birth, specifically within 0.5 h for 77 infants on non-
invasive respiratory support (CPAP) and between 0.5 h
and 3 h for 11 infants on mechanical ventilation. Among
the 11 infants, three of them received saline and / or the
dobutamine for hypotension at birth. A 100 uL sample
from this cohort was used for T cell subset analysis.
Cohorts 2 and 3 consisted of infants who were diagnosed
with brain injuries based on cerebral magnetic resonance
imaging (MRI) or ultrasound findings. For Cohort 2,
blood samples were collected for flow cytometry analysis,
while Cohort 3 samples were collected for transcriptome
analysis. Infants in these two cohorts were categorized
into the brain injury (BI) group, which included those
with significant abnormalities (e.g., encephalomalacia,
haemorrhage), and the “no brain injury” (NBI) group,
which included infants without significant brain inju-
ries. Blood samples were collected during routine clini-
cal procedures to minimize stress, and all samples were
processed within 4 h of collection to ensure cell and RNA
integrity. The clinical context, ages, and corrected gesta-
tional ages of these infants are provided in Table S1.

Ethical approval was obtained from the Ethics Com-
mittees of The Third Affiliated Hospital of Zhengzhou
University (ethical no: 2017068), and informed consent
was secured from the parents or legal guardians of all
participating infants. The study was conducted in accor-
dance with the Declaration of Helsinki, and every effort
was made to minimize the stress and discomfort of the
infants during blood sampling.

The timing for head ultrasound and MRI

Head ultrasound examinations were initially performed
within the first three days after birth, followed by weekly
scans up to four weeks, with increased frequency if
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abnormality was detected. MRI brain imaging was usu-
ally recommended at term-equivalent age for preterm
infants with brain injuries or risk factors [16].

Data collection and variables

Clinical data were collected prospectively during hos-
pitalization. Maternal variables including age, mode of
delivery (vaginal or cesarean section), and presence of
conditions such as chorioamnionitis, preterm prema-
ture rupture of membranes (PPROM), preeclampsia, and
reproductive tract infections. Infant variables included
gestational age, birth weight, sex, and whether the birth
was a single or multiple. The clinical diseases of these
infants from cohort 2 and 3 such as sepsis, pneumonia,
necrotizing enterocolitis (NEC) and bronchopulmonary
dysplasia (BPD) were also collected before analysis.

Measurement of T lymphocytes subsets by flow cytometry
T cell subsets were analyzed using flow cytometry.
Mononuclear cells were isolated from the blood samples
and stained within 4 h of collection with a panel of anti-
bodies, including anti-CD3-APC-H7 (clone: SK7), anti-
CD4-BV605(clone: RPA-T4), anti-CD8-PE-Cy7(clone:
RPA-T8), Anti-TCR ap-FITC (clone: T10B9), anti-TCR
y8-V421(clone: B1), and anti-TCR 82-PE (clone: B6). All
the antibodies were sourced from BD Biosciences. The
stained cells were analyzed using an eight-channel flow
cytometer (FACS Canto II, Becton Dickinson). Gating
strategies were employed to define lymphocyte popu-
lations and identify specific T cell subsets, including
y8T cells, VO2* T cells, and afT cells. The results were
expressed as the percentage of each subset relative to the
total T cell population.

RNA sequencing and transcriptome analysis

For transcriptome analysis, RNA was extracted from
the peripheral blood samples using the RNeasy mini kit
(Qiagen, Hilden, Germany) according to the manufactur-
er’s protocol. RNA integrity was assessed using an Agi-
lent Bioanalyzer, and libraries were prepared from total
RNA according to manufacturer instructions using the
TruSeq Stranded Total RNA Library Prep Kit with Ribo-
Zero Gold (Ilumina, Cat. No. RS-122-2301). Sequenc-
ing was performed on an Illumina platform, generating
paired end reads. The transcriptome sequencing data
generated in this study available from Bioproject (https:
//www.ncbi.nlm.nih.gov/bioproject/1154328). The quali
ty of the read sequences (fastq files) was assessed using
FastQC (version 0.11.7) and low-quality reads (<Q20)
and trimmed reads with adaptor sequences shorter than
50 bp were removed using Cutadapt (version 1.16). Dif-
ferentially expressed genes between infants with/without
brain injury were identified using the deseq2 packages in
R (version 4.1.0). Genes with an adjusted p-value<0.05
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were considered significant. Gene set enrichment analy-
sis (GSEA) [17] was performed to identify enriched path-
ways and biological processes, with reference to MSigDB
Collections (https://www.gsea-msigdb.org/gsea/msigdb/
collections.jsp). The ggplot2 package was used to visual-
ize the results of the enrichment analysis.

Evaluation of immune cell types

The single-sample Gene Set Enrichment Analysis (ssG-
SEA) algorithm was utilized to deconvolute immune cell
types from the transcriptome data dataset comprising
markers for 24 immune cell types was used to identify
and quantify the presence of different immune cell types
in the blood samples [18]. Box plot was used for visual-
ization the distribution of immune cell types between the
infants with/without brain injury groups.

Statistical analysis

Data were analyzed using SPSS21.0 (IBM, USA). Normal-
ity of the data was assessed using the Shapiro—Wilk test
before subsequent statistical analysis, and homogeneity
of variances was evaluated with Levene’s test. To com-
pare two groups, either a two-tailed unpaired t-test or
Mann—Whitney U-test or chi-squared test was used. To
compare multiple groups, one-way ANOVA or Kruskal-
Wallis tests were used, depending on the normality of the
data distribution. Correlations between variables were
assessed using linear regression analysis. Gene expres-
sions data (FPKM) produced by RNAseq were analyzed
using the DEseq2 software package, which is designed
for normalization, visualization, and differential analysis
of high-dimensional count data. A p-values or adjusted
p-values<0.05 were considered statistically significant.

Results

Impact of perinatal factors on T cell subsets

Flow cytometry analysis was performed on 88 periphery
blood samples from preterm infants to assess the impact
of perinatal factors on T cell subsets. The gating strategy
used to define lymphocyte populations and T cell subsets
is illustrated in Fig. 1A. The analysis revealed that gesta-
tional age had no effect on yOT cells (Fig. 1B, p>0.05).
The proportion of V82* T cells among yOT cells was sig-
nificantly higher in preterm infants born at 29-30 weeks
of gestation compared to those born at less than 29 weeks
or at 30-32 weeks (H=22.94, p=0.004, Fig. 1C). y8T
cells, afT cells, CD4*CD8" subset, CD8"CD4~ subset
and CD47CD8" subset had no difference among groups
of different gestational ages (Fig. 1D-G, p>0.05). Among
the birth weight groups of <1000 g, 1000-1500 g and
>1500 g, there was no difference of yO0T cells (Fig. 1H,
p>0.05). Infants with a birth weight of 1000—1500 g had a
significantly higher proportion of V82" T cells compared
to those with a birth weight less than 1000 g or greater


https://www.ncbi.nlm.nih.gov/bioproject/1154328
https://www.ncbi.nlm.nih.gov/bioproject/1154328
https://www.gsea-msigdb.org/gsea/msigdb/collections.jsp
https://www.gsea-msigdb.org/gsea/msigdb/collections.jsp

Zhang et al. Journal of Neuroinflammation (2024) 21:310 Page 4 of 11

N 3
800 =
< =
8 3
2400 =
0 ]
AR | /oy oy gy
0 600  1.0K 10 ho! 103
FSC-A TCRyS
10 107ZF v
')3 a = Z,
« 102
§ E LAY
13
103 !
1002
- L R UL R
1
10 10
TCRy3
B _ ~ D¢
%> 47 100 - 15
s »
5 @
83 i % s
2 1 b g
o 5 Koy s
% A ° A
H 5 4T 2 2
g1 RN [ S
= N 2 =4
3 > 3

R 4 3 10 K150
< 1 B * Y
$ s : g @ i 3
o
] S_g0 " © 100
£ e
- £ o] AN e | =&
S = Y
© 204 A o . 2 50
] B ) g;g, 5
N ~ £
> 20 5 s 0dl—ero
o S Y
N S o o
$ § S
b\e Q),@ 7,@0 N
-~ & M= N
£ 150 £ 60
© 2
8 100 E 404
e
T T

Fig. 1 Gating strategy and proportions of T cell subsets in peripheral blood by gestational age and birth weight in preterm infants. A. Flow cytometry gat-
ing strategy used to define lymphocyte populations, including a@T cells, yST cells, and V62* T cells. B-G. Proportions of T cell subsets by gestational age:
B. yST cells, C.V62* T cells, D. afT cells, E. CD4*CD8™ cells, F. CD8*CD4™ cells, and G. CD4~CD8™ cells. H-M. Proportions of T cell subsets by birth weight:
H. y&T cells, 1. V82 T cells, J. af3T cells, K. CD47CD8™ cells, L. CD8"CD4™ cells, and M. CD4 CD8™ cells. One-way ANOVA or Kruskal-Wallis test was used for
multiple comparisons. B-G: n=11-34/group, H-M: n=10-60/group; *adjusted p <0.05, ** adjusted p <0.01
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than 1500 g, as shown in Fig. 1I (H=17.53, p=0.032).
apT cells, CD4*CD8" subset, CD8"CD4"~ subset and
CD47CD8" subset had no difference among groups of
body weight at birth (Fig. 1]J-M, p>0.05).

To further investigate the relationship between ges-
tational age, birth weight, and V82* T cell proportions,
a linear correlation analysis was conducted. Results
showed a significant negative correlation between ges-
tational age and V82* T cell proportions (r = -0.242,
p=0.023, Fig. 2A), as well as between birth weight and
V82" T cell proportions (r = -0.226, p=0.035, Fig. 2B).

Other perinatal factors, including sex, single or mul-
tiple birth, maternal age, mode of delivery, chorioam-
nionitis, PPROM, preeclampsia, and reproductive tract
infections, did not show significant associations with the
proportions of V82" T cells or other T cell subsets (ydT
cells, affT cells, CD4*CD8~ CD8*CD4~ and CD4 CDS§")
in peripheral blood (Table 1).

Overall, while most T cell subsets remain unaffected
by perinatal factors, V82" T cells exhibit specific associa-
tions with gestational age and birth weight, suggesting a
unique role or developmental pattern for this subset in
preterm infants.

T cell subsets in brain injuries

Next, we analyzed whether preterm infants with brain
injury exhibit altered proportions of peripheral blood
T lymphocytes. We initially analyzed the demographic
and clinical characteristics of infants with and with-
out brain injury in relation to flow cytometry testing, as
presented in Table 2. There were no statistically signifi-
cant differences between the NBI and BI groups in terms
of infant characteristics such as sex and birth weight,
nor in maternal factors including age, delivery mode,
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chorioamnionitis, PPROM, preeclampsia, and repro-
ductive tract infection (p>0.05). Similarly, the incidence
of conditions such as sepsis, pneumonia, necrotizing
enterocolitis (NEC), and bronchopulmonary dysplasia
(BPD) was comparable between the BI and NBI groups
(p>0.05). Additionally, the mean corrected gestational
age (GA), age at examination, and C-reactive protein
(CRP) levels did not differ significantly between the two
groups (p>0.05). Representative T1 and T2 MRI images
from infants with and without brain injury are shown
in Fig. 3A and B, respectively. No significant differences
were observed in the proportions of V&2* T cells, afT
cells, CD4*CD8” CD8*CD4~ and CD4 CD8  subsets
between infants with and without brain injury (p>0.05,
Fig. 3C and G). This indicates that, at least in terms of
peripheral blood T cell composition, brain injury may
not be associated with detectable proportion changes in
these specific immune cell populations.

Transcriptome analysis and pathway enrichment in infants
with brain injury

To further investigate potential molecular mechanisms
underlying brain injury, we performed RNA sequenc-
ing (RNA-seq) on peripheral whole blood samples from
infants with/without brain injury. The demographic and
clinical characteristics of these infants are presented
in Table 3. No significant differences were observed
between the NBI and BI groups in terms of infant char-
acteristics such as sex and birth weight, nor in maternal
factors including age, delivery mode, chorioamnionitis,
PPROM, preeclampsia, and reproductive tract infection
(p>0.05). Similarly, the prevalence of conditions such as
sepsis, pneumonia, NEC, and BPD did not differ signifi-
cantly between the two groups (p>0.05). Mean corrected
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Fig. 2 Correlation between gestational age, birth weight, and V62*T cell proportions. A. Scatterplots illustrating the negative correlation between ges-
tational age and the percentage of V62" T cells among y&T cells (r = -0.242, p=0.023). B. Scatterplots illustrating the negative correlation between birth
weight and the percentage of V62* T cells (r =-0.226, p=0.035). The upper and lower reference ranges of the area under the curve are highlighted in grey
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Table 1 Cohort characteristics of infants with T cell subsets measurements at birth

n=88 YT cells (%) V82*T (%) afT (%) CD4*CD8 (%) CD8"CD4 (%) CD4 CD8 (%)
Sex

male (n=40) 0.89+0.64 22.98+15.06 87.37+£12.29 0.12+0.09 47.58+33.15 4.08+8.89

female (n=48) 0.89+044 1733£12.73 90.38+6.24 0.15+0.29 44.75+£34.78 233+392
Single/multiple

Single (n=59) 0.85+048 20.12+13.19 88.76+£9.43 0.14+0.25 5043+3340 2.76+536

Multiple (n=29) 0.98+0.69 21.01+1643 88.68+1143 0.12+0.09 37.88+3341 4.37+9.76
Maternal age

<35 years (n=60) 0.93+0.56 2042+14.77 88.44+10.05 0.12+0.09 41.82+34.09 3.58+7.82

>35 years (n=28) 0.81+0.55 2039+13.35 89.37+£10.26 0.17+035 55.88+31.45 266+530
Delivery mode

Vaginal (n=19) 0.84+043 18.98+1141 90.32+4.70 0.11+0.05 51.39+3446 229+4.76

Cesarean section (n=69) 091+059 20.81+14.99 88.31+£11.09 0.14+0.23 44.89+33.66 356+7.62
Chorioamnionitis

No (n=83) 0.90+0.56 20.33+1442 88.37+£10.24 0.14+0.21 4451+£33.24 345+7.28

Yes (n=5) 0.71+042 217541229 94.84+2.26 0.13+£0.06 75.94+30.57 0.58+0.10
PPROM

no (n=61) 0.82+048 19.98+12.49 86.89+11.48 0.14+0.24 4821+3294 4.16+827

<18h(n=8) 0.85+0.33 11.67+£640 92414312 0.09+0.06 53.02+35.85 0.88+0.65

>18h (n=19) 1.14+0.77 2547 +19.60 93.12+£292 0.12+0.07 37.33+35.59 151+2.64
Preeclampsia

no (n=49) 0.93+0.61 21471471 90.29+9.28 0.13+0.08 45.74+3543 3.06+7.79

yes (n=39) 0.86+0.49 19.09+13.72 86.78+10.78 0.15+0.29 47.00+31.93 3574621
Reproductive tract infection

no (n=280) 0.90+0.57 2040+14.15 88.27+1040 0.14+0.21 45.03+£3343 3.54+740

yes (n=28) 0.80+047 20.51+£16.35 93.44+337 0.11+0.05 58.96+36.49 0.75+0.66

Table 2 Demographic and clinical characteristics of infants with/
without brain injury for T cells subsets analysis

Variables NBI group Bl group p
(n=9) (n=13)

Male 9(0) 13(0) /
Body weight (g) at birth 1196+219 1323+345 0.35
Gestational age (weeks) 28.89+1.53 29.12+1.80 0.76
Maternal age 3044+381 30.00+3.67 0.78
Cesarean section 8(1) 10(3) 047
Chorioamnionitis 0(9) 2(11) 022
PPROM 2(7) 5(8) 042
Preeclampsia 2(7) 2(11) 0.68
Reproductive tract infection 0(9) 2(11) 022
Pneumonia 3(6) 8(5) 0.19
Sepsis 1(8) 4(9) 0.28
BPD 5(4) 4(9) 0.24
NEC 1(8) 4(9) 0.28
CRP (mg/L) 1.89+249 266+4.22 0.63
Mean corrected GA at 3469+2.15 3541£233 048
examination

Ages at examination (days) 40.77+1505 4392+16.04 065

GA, age at examination, and CRP levels were also compa-
rable (p>0.05). Differential gene expression analysis iden-
tified 173 differentially expressed genes between infants
with/without brain injury, including 68 upregulated
genes and 105 downregulated genes (p<0.05, Fig. 4A and

Table S2). The top ten upregulated and downregulated
genes are listed in Fig. 4B and Table S3- S4. The top ten
upregulated genes in infants with brain injury include
genes involved in immune responses, such as RETN
(antimicrobial defense) and LY96 (immune signaling via
TLR4). The downregulated genes include those linked
to apoptosis and immune responses, such as IFI27, IFI6,
and ISG15, alongside genes involved in lipid metabolism
(OSBP2) and apoptosis regulation (BCL2L1).

GSEA revealed 12 enriched gene sets for specific bio-
logical processes (Table S5) and 6 meaningful immune-
related signaling pathways. Among the upregulated
processes in brain injury group were antimicrobial pep-
tides (NES=2.125, FDR=0.013) and neutrophil degran-
ulation (NES=1.545, FDR=0.004). On the other hand,
several processes were downregulated, including inter-
feron alpha/beta signaling (NES = -2.049, FDR=0.004),
Pip3 signaling in cardiac myocytes (NES = -1.954,
FDR=0.042) and interferon signaling (NES = -1.767,
FDR=0.042) (Fig. 4C). These results, consistent with the
top up- and downregulated genes, suggest that altera-
tions in immune signaling pathways may play a role in
the pathogenesis of brain injury in preterm infants.

The immune cell profiles, as assessed by ssGSEA algo-
rithm, did not reveal significant differences in the dis-
tribution of 19 immune cell types between infants with/
without brain injury (Fig. 4D and Table S6). This suggests
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Fig. 3 Comparison of T cell subsets in infants with and without brain injury. A. Cerebral MRIT1 and T2 images from infants without brain injury (case no:
NBI-9). B. Cerebral MRIT1 and T2 images from an infant with brain injury (case no: BI-8). C-G. Proportion of T cell subsets in infants with/without brain inju-
ry: C.VE2* T cells, D. af3T cells, E. CD4*CD8™ cells, F. CD8*CD4™ cells, and G. CD4~CD8 cells. t-test or Mann-Whitney U-test for comparison. n=9-13/group

that brain injury in preterm infants is linked to specific
immune pathway alterations, including increased inflam-
mation and reduced antiviral signalling, which may con-
tribute to the pathogenesis of brain injury or reflect the
body’s response to it.

Discussion

This study aimed to elucidate the impact of perinatal
factors on the proportions of different T cell subsets in
the peripheral blood of preterm infants and explore
their potential association with brain injury. Our find-
ings indicate that most T cell subsets, including ydT
cells, aPT cells, and various CD4" and CD8"* subpopu-
lations, were not significantly influenced by gestational
age, birth weight, or other perinatal factors. These find-
ings suggest that T cell distribution in preterm infants
is relatively stable and may be less susceptible to peri-
natal variations than anticipated. Interestingly, we found

distinct associations between V382" T cell proportions
and both gestational age and birth weight. Specifically,
we observed the higher proportions of V82" T cells in
infants born at 29-30 weeks gestation and with a birth
weight of 1000—1500 g compared to those born later or
with larger birth weights. These associations suggest
a potential role for V82* T cells in immune maturation
during this critical developmental window. However, no
significant link between V82" T cells and brain injury was
identified, pointing to the possibility that other immune
pathways may play a more prominent role in the patho-
genesis of neonatal brain injury.

The higher proportions of V82" T cells were observed
in infants born at 29-30 weeks gestation and those with
a birth weight between 1000 and 1500 g. The significant
negative correlation between V82* T cell proportions and
both gestational age and birth weight suggests that these
cells are more prominent during a critical developmental
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Table 3 Demographic and clinical characteristics of infants with/
without brain injury for transcriptome analysis

Variables NBI group Bl group p
(n=8) (n=9)

Male 5(3) 5(4) 0.77
Body weight (g) at birth 12580+2176 1461.2+4429 0.26
Gestational age (weeks) 2991+1.74 29.92+1.95 0.99
Maternal age 30.13+£1.46 32.00+£4.66 0.29
Cesarean section 5(3) 6(3) 0.85
Choricamnionitis 1(7) 009) 0.86
PPROM 3(5) 4(5) 0.77
Preeclampsia 2(6) 1(8) 027
Reproductive tract infection 1(7) 1(8) 0.93
Pneumonia 3(5) 3(6) 0.85
Sepsis 1(7) 2(7) 0.60
BPD 2(6) 3(6) 0.71
NEC 2(6) 1(8) 045
CRP (mg/L) 534+6.34 460+4.36 0.78
Mean corrected GA at 35.17+£0.96 3539+1.36 0.71
examination

Ages at examination (days) 37.78+12.07 38.22+19.78 0.96

window. The absence of significant associations between
V82" T cell proportions and other perinatal factors, such
as sex, type of birth, and maternal conditions, further
emphasizes the specificity of the relationship between
V82" T cells and the developmental parameters of ges-
tational age and birth weight. Indeed, the development
of yOT cells, including the V82" subset, is closely tied to
fetal maturation [19, 20], and that y8T cells are among
the earliest T cells to emerge as early as eight weeks of
gestation [21-24].

The immune system, particularly T cells, plays a crucial
role in neonatal brain development and injury response.
Y8T cells, a subset of T cells constituting approximately
up to 5% of total human peripheral T cells and even
higher in children, are a crucial for immune surveillance
and regulation [25-28]. Notably, preclinical studies have
demonstrated that y8T cells contribute to brain injury in
various animal models, suggesting their involvement in
neuroinflammatory processes [29-32]. Within the y8T
cell population, V82" T cells are of particular interest
due to their early presence in human fetal development
and their potent immune functions. These cells typically
co-express V39 TCR chain, have been shown to expand
and acquire cytotoxic capabilities shortly after birth [27,
33, 34]. V82* T cells have been linked to various immune
responses, including cytokine production and adaptive
immunity enhancement [35, 36].

In our previous studies, significant populations of y6T
cells were identified in post-mortem brain tissues from
preterm human infants and decreased frequency of y§ T
cells in periphery blood in very preterm infant with peri-
ventricular leukomalacia (PVL) [9, 29]. In another report,
it was also found increased frequency of V82* T cells
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in perinatal blood in term infants affected by neonatal
encephalopathy [8]. There was more frequent presence of
y8T cells in periphery blood at two different time points
in extremely preterm infants with brain haemorrhage and
PVL [10]. Together, these findings indicate a potential
involvement of y8T cells, particularly V&2* T cells, in the
immune response associated with brain injuries in pre-
term infants. The observed variations in y8T cell popula-
tions in both brain tissues and peripheral blood suggest
that these cells may play a role in the pathological pro-
cesses or the body’s response to conditions such as PVL,
neonatal encephalopathy, and brain haemorrhage. Fur-
ther research is needed to clarify whether these changes
are a cause of, or a response to, brain injury in preterm
infants. To note, the absence of a direct relationship
between V82" T cells and brain injuries in this study con-
trasts with some preclinical findings that have implicated
y8T cells in the pathogenesis of neonatal brain injury [29,
30]. This discrepancy may be due to differences between
human clinical conditions and animal models, where the
mechanisms of injury and immune response could vary
significantly [37, 38]. It is also possible that other subsets
of immune cells or distinct pathways are more critical
in the development of brain injury in preterm infants,
necessitating further investigation. Altogether, it high-
lights the complexity of the immune response in preterm
infants and suggests that further investigation is needed
to fully understand the role of V82* T cells in the context
of brain injury.

Our transcriptome analysis revealed significant altera-
tions in immune-related pathways in infants with brain
injury, notably the upregulation of antimicrobial peptides
and neutrophil degranulation, alongside the downregu-
lation of interferon alpha/beta signaling. These findings
suggest that brain injury in preterm infants may be asso-
ciated with a dysregulated immune response, potentially
contributing to the exacerbation of brain injury [39, 40].
Conversely, downregulation of interferon alpha/beta sig-
nalling and interferon signalling pathways might indicate
a compromised ability to mount an effective antiviral
response [41], which could leave the developing brain
vulnerable to viral infections or other inflammatory trig-
gers. Despite these changes, the overall distribution of
immune cell types in peripheral blood remained stable,
implying that the functional activity of immune cells,
rather than their population sizes, is altered in brain
injury.

Our study provides valuable insights into the immune
characteristics of preterm infants, though several limita-
tions should be noted. The sample size, while sufficient
for some analyses, may have limited our ability to detect
subtle interactions among perinatal factors, T cell sub-
sets, and immune responses, particularly regarding infec-
tions. A larger sample in future studies could enable a
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Fig. 4 Differential gene expression and pathway analysis in infants with brain injury. Volcano plot showing differential gene expression between infants
with /without brain injury. The screening threshold is set at |FC|>0.80, where red dots represent upregulated genes, and blue dots represent downregu-
lated genes. B. Heatmap displaying the top ten upregulated and downregulated genes. C. GSEA results showing up- and down- regulating pathways. D.
ssGSEA showing differences in the composition of 19 immune cell types between infants with/without brain injury. n=8-10/group

more detailed analysis of these associations. The cross-
sectional design also restricts causal inferences, as we
assessed associations at only a single time point. Lon-
gitudinal studies would offer a clearer view of immune

development and its relationship to brain injury. Small
subgroup sizes, with only 1-2 cases in some groups, lim-
ited detailed analysis of confounding factors like sepsis,
NEC, and pneumonia in BI and NBI groups. However,
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Tables 2 and 3 show no significant baseline differences,
indicating that these factors likely did not affect T cell
outcomes. Lastly, while flow cytometry was robust, it
may not fully capture complex immune interactions
within brain tissue. Advanced methods could enhance
future research on these processes.

In summary, this study highlights the impact of gesta-
tional age and birth weight on V82* T cell proportions in
very preterm infants, though no direct link between V§2*
T cells and brain injuries was found. The transcriptomic
alterations observed in infants with brain injury suggest
that potential immune dysregulation may play a role in
the pathogenesis of brain injury, warranting further
investigation into these immune pathways. Our findings
contribute to the understanding of immune development
in preterm infants and point toward new directions for
research aim at improving outcomes for this high-risk
population.
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