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Abstract: Neutrophils, a primary type of immune cell, play critical roles in numerous biological processes. Both um-
bilical cord blood (UCB) and peripheral blood are rich in neutrophils. UCB is more abundant than peripheral blood, 
with cells generally at a more immature stage. However, comparative data between these two cell sources is lack-
ing. This study aims to elucidate differences between UCB-derived neutrophils (UCBN) and peripheral blood-derived 
neutrophils (PBN). UCBN and PBN were isolated from fresh human umbilical cord blood and peripheral blood, 
respectively. Transcriptomic profiling was performed and compared against neutrophil RNA from three different do-
nors. Bioinformatics analysis was employed to compare cell phenotypes. A cytokine cocktail (IFN-β, IFN-γ, and LPS) 
was used to activate UCBN and PBN in vitro. A united multi-omic approach, combining transcriptomic and proteomic 
analysis, was followed by experimental validation through flow cytometry, cell killing assays, and proteome profiler 
array to verify cell functions. Transcriptomic analysis revealed that the most upregulated genes in freshly isolated 
umbilical cord blood neutrophils (UCBN) compared to peripheral blood neutrophils (PBN) predominantly involve 
neutrophil activation and cell-killing functions. Validation through flow cytometry and cell-killing experiments demon-
strated that highly viable UCBN exhibited significantly stronger ovarian tumor cell-killing activity in vitro compared to 
PBN. Both transcriptomic and proteomic analyses indicated that the primary upregulated genes in activated UCBN 
are chiefly involved in biological processes related to the regulation of cytokine secretion. Integrative multi-omic 
analysis, including a proteome profiler array, confirmed that UCBN indeed secrete elevated levels of cytokines. In 
conclusion: UCBN shows higher viability and cellular activity compared with PBN, particularly in tumor cell-killing 
and cytokine secretion.
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Introduction

Neutrophils, a key component of the innate 
immune system, have been reported to play a 
role in tumor suppression. They induce tumor 
cell death in the presence of IgG1 antitumor 
antibodies through antibody-dependent cellu-
lar cytotoxicity (ADCC) [1]. Neutrophil cytotoxic-
ity can be further enhanced by IgA antibodies 
or bispecific antibodies that combine the ago-
nistic activity of FcαRI targeting with IgG1 char-
acteristics [2]. Additionally, neutrophils may 
promote long-term antitumor immunity in situ 
by releasing cytokines and chemokines and/or 

by interacting with other immune cells such as 
dendritic cells (DCs) [3, 4]. Neutrophil infiltra-
tion has also been proposed as a prognostic 
factor in various tumors, including ovarian can-
cer [5, 6]. These findings suggest that neutro-
phils could play a significant role in cancer 
therapy.

However, the limited number and unstable sta-
tus of autologous peripheral blood immune 
cells from tumor patients present challenges in 
developing off-the-shelf therapeutic products. 
To address these limitations, we have explored 
the use of immune cells sourced from umbilical 
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cord blood (UCB) for off-the-shelf applications 
[7, 8]. Our previous work demonstrated that 
human umbilical cord blood-derived neutro-
phils (UCBN) exhibit anti-tumor properties in 
ovarian cancer following cytokine stimulation in 
vitro [9], indicating that allogeneic neutrophil 
transplantation might be an effective strategy 
for ovarian cancer therapy. Yet, there are no 
official reports comparing UCBN with peripher-
al blood-derived neutrophils (PBN).

In this study, we conducted transcriptomic pro-
filing of freshly isolated UCBN and PBN from dif-
ferent donors using RNA-sequencing. The anal-
ysis revealed that the top upregulated genes in 
UCBN, compared to PBN, are mainly associated 
with neutrophil degranulation, activation, cell 
killing, nuclear division, nuclear chromosome 
segregation, and myeloid cell development. 
Further, UCBN exhibited high viability and func-
tionality upon activation with a cocktail of cyto-
kines. Subsequent transcriptomic and pro-
teomic analyses, along with experimental verifi-
cations, confirmed that UCBN secrete higher 
levels of cytokines and demonstrate superior 
functionality compared to PBN.

Materials and methods

Isolation and activation of primary human neu-
trophils

Umbilical cord blood (UCB) was collected from 
cesarean sections using lithium-heparin tubes 
(Greiner Bio-One 9mL LH, Austria) at Shang- 
hai Tenth People’s Hospital after obtaining 
informed consent from the mothers. Peripheral 
Blood (PB) samples collected in lithium-hepar- 
in tubes were obtained from adult volunteers. 
Studies involving human participants were 
reviewed and approved by the Ethical Com- 
mittee of the Tenth People’s Hospital. Chara- 
cteristics of UCB and PB patients are listed  
in Table S1. Neutrophils were isolated using 
density-gradient centrifugation with Histopa- 
que®1077 (Sigma Aldrich, Steinheim, Germany) 
and Histopaque®1119 (Sigma Aldrich, Ste- 
inheim). Following erythrocyte lysis, granulo���cy-
tes were washed once in 1× DPBS (Thermo 
Fisher, Germany) for 10 min at 800 g and resus-
pended in RPMI 1640 (Gibco, Germany) supple-
mented with 10% fetal bovine serum (FBS, 
Gibco), 1% penicillin-streptomycin (Biochrom, 
Berlin, Germany). Isolated Neutrophils were 
seeded in 24-well plates (1*106 cells/well) and 
cultured at 37°C with 5% CO2. All procedures 

were conducted at room temperature under 
sterile conditions. At 24 h post-isolation, neu-
trophils were activated with 1 ng/ml IFN-β (Cat. 
300-03BC, PeproTech, USA), 50 ng/ml IFN-γ 
(Cat. 300-02, PeproTech) and 100 ng/ml LPS 
(Cat. 14011S, CST, USA) for 24 h. 

Neutrophil killing assay

The human ovarian cancer cell line OVCAR3 
was maintained in RPMI 1640 supplemented 
with 10% fetal bovine serum and 1% penicillin-
streptomycin. OVCAR3 cells were authenticat-
ed by STR authentication (Beijing HuaKe Gene 
Technology Co., LTD.). Cells were cultured in the 
incubator at 37°C with 5% CO2. Medium was 
routinely replaced every 2-3 days. For the neu-
trophil killing assay, a total of 5*103 ovarian 
cancer cells were first seeded in a 96-well 
plate. At 24 h after neutrophil activation, UCBN 
or PBN were co-cultured with OVCAR3 at ratio 
of 1:1, 5:1, 10:1, respectively. Additionally, 
OVCAR3 was treated with supernatant from 
1*106 neutrophils in 24-well culture plates. 
After 24 h of co-culture, ovarian cancer cell 
viability was assessed using functional assays.

Cell counting Kit-8 assay

Post 24 h treatment of OVCAR3 with neutro-
phils or supernatant in a 96-well plate (5* 
103/well), Cell Counting Kit-8 solution (Cat. 
40203ES60, Yeasen, China) was added to 
each well and cells were incubated at 37°C for 
3 h. A microplate reader was then used to mea-
sure absorbance at 450 nm to assess OVCAR3 
viability.

EdU assay

OVCAR3 proliferation was evaluated using the 
BeyoClick™ EdU Cell Proliferation Kit (Cat. 
C0075S, Beyotime, China) following the manu-
facturer’s protocol. Briefly, OVCAR3 were incu-
bated with 50 μM EdU-contained medium for  
2 h, fixed in 4% paraformaldehyde, permeat- 
ed in 0.5% TritonX-100/PBS, then stained  
with DAPI. A fluorescence microscope (Nikon 
ECLIPSE Ti Corporation, Japan) was used for 
imaging. Photoshop software was used for 
image processing.

Apoptosis assay

OVCAR3 were digested and harvested follow- 
ing incubation with neutrophil supernatant in 
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24-well plates for 24 h at 37°C. Cells were sus-
pended in 100 ul Binding Buffer and stained 
with Annexin V-FITC/PI apoptosis detection kit 
(Cat No. 40302, YEASEN) following the manu-
facturer’s protocol. OVCAR3 cell apoptosis was 
assessed using a Cyto FLEX LX flow cytometer 
(Beckman Coulter).

Flow cytometry

Neutrophils were resuspended in PBS (Cat.02-
023-1A, Biological Industries, USA) supple-
mented with 3% BSA (Cat. A8020, Solabio, 
China) for 20 min to block non-specific binding. 
Cells were stained with PE-conjugated mAb 
against human CD11b (Clone ICRF44, 562399, 
BD), PE-CF594 Mouse IgG1, κ Isotype (Clone 
X40, 562292, BD), Alexa Fluor® 647-conjugat-
ed mAb against human CD66b (Clone G10F5, 
561645, BD), Alexa Fluor® 647 Mouse IgM, κ 
isotype control (Clone G155-228, 560806, 
BD), BV421 Mouse Anti-Human CD54 (Clone 
HA58, 564077, BD), BV421 Mouse IgG1, k 
Isotype Control (562438, BD) for 30 min at 4°C 
protected from light. After staining for 30 min, 
samples were assessed using a Cyto FLEX LX 
flow cytometer. Data was analyzed by FlowJo. 

RNA-sequence

Total RNA was isolated from 3*106 cells using 
the TRIzol Reagent (Cat. 93289, Sigma-Aldrich) 
following the manufacturer’s instructions. To 
obtain transcriptional information, RNA-se- 
quencing (RNA-seq) of cells was conducted at 
the HaploX Genomics Center for sequencing 
and analysis. RNA sequencing data was colle- 
cted using an Illumina NovaSeq 6000 System.

ROS detection assay

ROS production in activated or inactivated 
UCBN or PBN was measured using a luminol-
amplified chemiluminescence assay (Cat. 
D6883, Sigma). Cells were incubated with 60 
mM luminol (Invitrogen, Germany). Cells were 
then stimulated by the addition of 20 nM  
phorbol 12-myristate 13-acetate (PMA; Sigma 
Aldrich). The resulting chemiluminescence was 
immediately analyzed using a Cyto FLEX LX flow 
cytometer. 

Proteome profiler array

Neutrophils were stimulated for 24 h and the 
supernatant was collected to quantity released 

cytokines by the Human Cytokine Antibody 
Arrays V Kit Human XL Cytokine Array Kit (Cat. 
ARY022B, R&D Systems). The array enabled 
simultaneous detection of 106 human cyto- 
kine protein expression levels secreted by acti-
vated and inactivated neutrophils from UCBN 
and PBN in cell culture supernatants simulta-
neously. Spot color density was evaluated using 
ImageJ software.

Statistical analysis

All cell experiments were performed in tripli-
cate. Unless specified otherwise, data were 
generated from neutrophils isolated from dif-
ferent blood donors. Data was analyzed using 
GraphPad Prism Version 5.0 and are presented 
as mean ± standard deviation. Comparisons 
between two groups were conducted using  
the Student’s t-test. A P < 0.05 was considered 
statistically significant (*P < 0.05, **P ≤ 0.01, 
***P ≤ 0.001).

Results

Transcriptomic analysis of UCBN and PBN

The identity and purity of neutrophils freshly 
isolated from human umbilical cord blood and 
peripheral blood were confirmed by flow cytom-
etry analysis of CD11b and CD66b expression. 
As shown in Figure 1A, 92.6%±2.53 CD11b+ 
cells and 95%±2.53 CD66b+ cells were ob- 
served in freshly isolated neutrophils from UCB, 
whereas 96.3±2.55% CD11b+ and 94.7±3.1% 
CD66b+ cells were observed in isolates from  
PB (Figure 1A). RNA-seq analysis was then  
performed and revealed 1217 differentially 
expressed genes (DEGs) between UCBN and 
PBN (FDR < 0.05) (Figure S1). Among them, 
672 genes were significantly up-regulated and 
545 were down-regulated in UCBN compared 
with PBN. Gene Ontology (GO) enrichment anal-
yses indicated that biological processes (BPs) 
such as neutrophil degranulation, neutrophil 
activation, nuclear division, myeloid cell devel-
opment, killing by a host of symbiont cells, and 
killing of cells of other organisms were enriched 
in up-regulated DEGs (Figure 1B). These BPs 
were closely associated with four biological 
characters of neutrophils: degranulation, prolif-
eration, cell killing, and differentiation. Detailed 
analysis confirmed that most marker genes for 
these BPs were more highly expressed in UCBN 
than in PBN (Figure 1C). Collectively, these find-
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Figure 1. Transcriptomic analysis of fresh 
isolation UCBN and PBN. A. Purity of fresh 
isolated UCBN and PBN from one repre-
sentative donor which assessed by flow 
cytometry using CD11b-PE and CD66b-
APC antibody. B. Gene ontology (GO) ���en-
richment analyses of enriched BPs in up-
regulated DEGs in UCBN compared with 
PBN. C. Heatmap of the top up-regulated 
marker genes of four BPs including: cell 
killing, differentiation, proliferation, and 
degranulation which were up-regulated in 
UCBN compared with PBN.
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ings suggest that UCBN exhibit enhanced capa-
bilities in degranulation, proliferation, and cell 
killing, along with a lower naïve status com-
pared to PBN.

UCBN with higher viability in vitro than PBN

To evaluate the viability of UCBN and PBN, we 
examined the expression of activation markers 
CD11b (integrin alpha M) [10] and CD66b 
(CEACAM8) [11] by flow cytometry. A significant 
reduction in the percentage of CD11b+ and 
CD66b+ cells was observed following 24- and 
48-hour incubations, indicating a rapid decline 
in UCBN and PBN viability in vitro (Figure 2A, 
2C). Interestingly, after 24 and 48 hours of 
incubation, UCBN displayed higher expression 
levels of both indicators than PBN, suggesting 
superior UCBN activity (Figure 2A, 2C). 

Given the sequencing data indicating a propen-
sity for activation in UCBN, we stimulated both 
UCBN and PBN in vitro to compare their states 
and functions post-activation. Neutrophil viabil-
ity was maintained upon activation with cyto-
kines such as IFN-β and IFN-γ, or stimulating 
agents such as LPS (lipopolysaccharide) [12]. 
Consequently, we treated neutrophils with a 
cytokine cocktail comprising IFN-β, IFN-γ, and 
LPS. Consistent with our earlier observation, 
higher percentages of UCBN expressing CD11b 
and CD66b were observed compared to PBN at 
both time points (Figure 2B, 2C). The degree of 
elevation of the two activated indicators was 
greater in UCBN than in PBN, reinforcing the 
notion of higher UCBN viability (Figure 2C).

Cytokine activation enhances UCBN function 
in vitro

To elucidate the mechanism of higher viability 
of UCBN juxtaposed with PBN, we conducted 
transcriptomic comparisons between activated 
UCBN and activated PBN from different donors. 
Consistent with phenotypic observations, GO 
term analysis revealed that the most signifi-
cantly up-regulated DEGs in activated UCBN 
were concentrated in BPs related to neutrophil 
activation, including neutrophil degranulation, 
immune response involvement, and cytokine 
biosynthesis (Figure 3A). A heatmap highlights 
the top up-regulated genes in activated UCBN 
compared to PBN (Figure 3B). Neutrophils func-
tion in a multitude of ways to tissue damage, 
including release of oxidants as reactive oxy-

gen (ROS). Positive regulation of reactive oxy-
gen species metabolic process means neutro-
phils possess high viability. ROS metabolic pro-
cesses such as regulation of reactive oxygen 
species metabolic processes which represent-
ed neutrophils function were also significantly 
upregulated in activated UCBN (Figure 3A), 
suggesting higher ROS activity in activated 
UCBN than activated PBN. Positive regulation 
of reactive oxygen species metabolic process 
means activated UCBN possesses higher via-
bility. Then, activated cells were further used 
for Functional verification: ROS function. Fur- 
ther luminol-based flow cytometry analysis con-
firmed a higher level of ROS in activated UCBN 
than that in activated PBN (Figure 3C). 

We next sought to validate the function of acti-
vated UCBN through tumor cell killing experi-
ments. We examined whether cytokine cocktail 
treatment may enhance the cytotoxicity of 
UCBN. After exposing the ovarian cancer cell 
line OVCAR3 to activate UCBN, PBN, or condi-
tioned media (CM) derived from different 
donors, we assessed cancer cell viability using 
the CCK-8 assay. For UCBN, all three conditions 
induced cytotoxicity and one manifested in- 
creased cytotoxicity when compared with non-
activated states. Only two conditions induced 
enhanced cytotoxicity when compared with 
cytokine cocktail treatment alone (Figure 4A). 
For PBN, activation led to a slight increase in 
cytotoxicity, but no condition showed enhanced 
killing compared to cytokine cocktail treatment 
alone (Figure 4A). These results suggest that 
cytokine-activated UCBN exerts superior cyto-
toxic effects than PBN.

Notably, conditioned media(CM) from all five 
activated UCBN samples displayed increased 
cytotoxicity compared to non-activated sam-
ples, with four out of five showing enhanced kill-
ing effects over cytokine cocktail treatment 
alone (Figure 4B). This finding lends substantial 
support to the earlier results and suggests  
that cytokine cocktail activation augments the 
ovarian cancer cell killing activity of UCBN. In 
contrast, CM from activated PBN showed only 
marginal effects compared to non-activated 
samples, and only two out of five exhibited 
enhanced killing activity over cytokine cocktail 
treatment alone (Figure 4B). 

To further confirm the results above, we per-
formed EdU incorporation and Annexin V-PI 



High viability umbilical cord blood-derived neutrophils

1195	 Am J Cancer Res 2024;14(3):1190-1203

Figure 2. Activation of UCBN and PBN by cytokine cocktail stimulation. A. CD11b and CD66b expression in UCBN 
and PBN after cytokines cocktail activation assessed by flow cytometry at 24 h and 48 h after stimulation respec-
tively. B. The expression of the activation marker CD11b and CD66b in UCBN and PBN assessed by flow cytometry 
analysis at different time points. 0 h, freshly isolated cells; 24 h, cells cultured for 24 hours in vitro; 48 h, cells cul-
tured 48 hours in vitro. C. Effect of cytokine cocktails on viability of UCBN or PBN assessed by flow cytometry using 
CD11b-PE and CD66b-APC staining at 24 h and 48 h (n = 3). *P < 0.05, **P < 0.01.
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Figure 3. Transcriptomic analysis of activated UCBN with activated PBN as control. A. The mainly enriched related 
BPs of top upregulated DEGs in activated UCBN compared with activated PBN from GO enrichment analysis. B. Ex-
pression of the most up-regulated marker genes of neutrophils degranulation BPs up-regulated in UCBN compared 
with PBN. C. Level of ROS production in activated UCBN and activated PBN assessed by luminol-based flow cytom-
etry. N = 3 donors each group, *P < 0.05.

staining. As depicted in Figure 4C, CM from 
activated UCBN significantly inhibited ovarian 
cancer cell proliferation (Figures 4C and S2). 
The images in Figure 4C for the ovarian cancer 
and cytokine cocktail groups were identical to 
those in Figure S2, which were standardized to 
the same control. Conversely, CM from activat-
ed PBN showed minimal inhibitory effects on 
cancer cell proliferation (Figures 4C, 4D and 
S2). Additionally, CM from activated UCBN  
demonstrated strong apoptotic activity, where-
as that from activated PBN showed minimal 
effects (Figures 4E and S3A, S3B). Collectively, 
these results strongly suggest that cytokine-
activated UCBN exerts substantial prolifera-
tion-inhibitory and cytotoxic effects on ovarian 

cancer cells, likely through a secretory me- 
chanism. 

Multi-omics analysis UCBN with PBN

To probe the underlying function of UCBN, we 
conducted transcriptomic analyses of UCBN 
with and without cytokine cocktail activation, 
using samples from different donors. GO 
enrichment analysis of DEGs revealed that the 
top upregulated genes in activated UCBN were 
mainly enriched in immunity-related BPs, such 
as response to interferon-gamma, positive reg-
ulation of cytokine production, response to  
lipopolysaccharide, cytokine secretion, peptide 
secretion, activation of the innate immune 
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Figure 4. Cytokine cocktail activation enhanced the ovarian cancer cell killing activity of UCBN. A. The viability of 
ovarian cancer cells line OVCAR3 co-cultured with activated UCBN (donors of UCB-7, UCB-8, UCB-9) or PBN (PB-6, 
PB-7, PB-8) assessed by CCK-8 assay. *P < 0.05, **P < 0.01. B. The viability of ovarian cancer cells line OVCAR3 
treated with conditioned medium (CM) of activated UCBN (donors of UCB-2, UCB-3, UCB-6, UCB-7, UCB-8) or PBN 
(donors of PB-1, PB-2, PB-3, PB-6, PB-7) assessed by CCK-8 assay. *P < 0.05, **P < 0.01. C. Represent images of 
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Figure 5. Transcriptomic analysis of activated UCBN with un-activated UCBN as control. A. The mainly enriched 
related BPs of top upregulated DEGs in activated UCBN compared with un-activated UCBN from GO enrichment 
analysis. B. KEGG pathway enrichment of top up-regulated genes in activated UCBN compared with un-activated 
UCBN. C. Represent pathways upregulated in activated UCBN compared to un-activated UCBN from GESA analysis.

response, and cell killing (Figure 5A). KEGG 
pathway analysis further confirmed that the top 

upregulated genes in activated UCBN were 
mainly involved in immunity-related pathways, 

immunofluorescence staining of EdU of ovarian cancer cells line OVCAR3 treated with conditioned medium (CM) of 
activated UCBN or PBN. Bar = 50 μm. D. The proliferation capacity of ovarian cancer cells line OVCAR3 treated with 
conditioned medium (CM) of activated UCBN or PBN assessed by EdU anaylsis. E. The apoptosis of ovarian cancer 
cells line OVCAR3 treated with conditioned medium (CM) from activated UCBN or PBN by Annexin-V PI analysis. N = 
3 donors each group, **P < 0.01, ***P < 0.001.
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Figure 6. United Transcriptomic and proteomic analysis UCBN with PBN. A. Volcano plot of Expression of differen-
tially expressed genes (DEGs) between activated UCBN-CM and un-activated UCBN-CM. n = 3 donors each group. B. 
Cluster Analysis of Expression of differentially expressed genes (DEGs) between activated UCBN-CM and un-activat-
ed UCBN-CM. n = 3 donors each group. C. Gene ontology (GO) enrichment analyses of enriched BPs in up-regulated 
DEGs in activated UCBN-CM and un-activated UCBN-CM. D. Multi-Omics analysis the molecule both up-regulated in 
transcriptomics and proteomics. E. Screened molecule headmap analysis in transcriptomics and proteomics.

including the NOD-like receptor signaling path-
way, TNF signaling pathway, Cytokine-cytokine 

receptor interaction, NF-kappa B signaling 
pathway, Chemokine signaling pathway, RIG-I-
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like receptor signaling pathway, JAK-STAT sig-
naling pathway, Proteasome MAPK signaling 
pathway, p53 signaling pathway, and Notch sig-
naling pathway (Figure 5B). Gene Set Enrich- 
ment Analysis (GSEA) also indicated upregula���ti-
on in ERYTH, IL1R, and LAIR pathways, which 
are associated with erythrocyte differentiation 
and inflammatory response, correlating with 
neutrophil functions, in activated UCBN (Figure 
5C).

To further investigate the cytokine secretion by 
UCBN, we collected activated UCBN-CM and 
activated PBN-CM from different donors for 
proteomics analysis. We defined a protein as 
present if it appears two or more times in one 
group. Results showed that 14 proteins were 
highly expressed and 6 were lowly expressed in 
activated UCBN-CM (Figure 6A). Using another 
method of differential expression analysis, we 
found that 10 peptides were significantly up-
regulated and 21 down-regulated in activated 
UCBN compared to activated PBN (Figure 6B). 
GO enrichment analysis of these up-regulated 
proteins revealed a focus on immunity-related 
BPs, including regulation of peptide secretion, 
regulation of response to cytokine stimulus, 
regulation of cytokine secretion, response to 
molecule of bacterial origin, regulation of pro-
tein secretion, positive regulation of immune 
response to tumor cells, killing of allogeneic 
cells, and positive regulation of cytokine secre-
tion (Figure 6C), aligning with the transcripto-
mic analysis. KEGG pathway analysis again 
confirmed that the top upregulated genes in 
activated UCBN were primarily related to cyto-
kine-cytokine receptor interaction, transcrip-
tional misregulation in cancer, viral protein 
interaction with cytokine and cytokine receptor, 
and the JAK-STAT signaling pathway (Figure 
S4A). These results demonstrate that activated 
UCBN primarily functions in cytokine secretion 
and cell killing. 

Combining gene sequencing data with pro-
teome expression data for a multi-omics analy-
sis, we defined that, for screening, a protein 
must be identified in the proteomics data and 
also have expression information at the tran-
scriptome level. A total of 23 up-regulated pro-
teins in the proteome were correlated with 
gene transcriptome data (Figure 6D). After 
analysis, 15 proteins were not expressed in the 
sequenced genome, and 9 proteins were co-

expressed at the gene level and protein level. 
We focused on these nine molecules, whose 
expression profiles are detailed in Figure 6D. 
Among these nine, eight proteins (PI3, SERP- 
ING1, CXCL8, CSF1, ATRN, IL6, CCL3, CXCL9) 
were highly expressed in both the transcrip- 
tomic and proteomic data in activated UCBN. 
However, SCARF showed opposite expression 
patterns. Proteome profiler array analysis fur-
ther identified anti-tumor molecules (Figure 
S4B), revealing that 18 cytokines, including 
ICAM1 and BDNF, were altered in activated 
UCBN-CM (Figure 6E). This multi-omic analysis, 
corroborated by proteome profiler array verifi-
cation, suggests that activated UCBN possess 
enhanced functions of cytokine secretion and 
cell killing.

Discussion

In this study, we discovered that UCBN exhibits 
higher viability than PBN, with superior func-
tional capabilities. Our transcriptomic analysis 
indicates that UCBN is better primed than PBN, 
being less susceptible to cell death and more 
readily activated. Co-culture with activated 
UCBN was found to inhibit ovarian cancer cell 
proliferation and promote apoptosis. Further, 
our combined transcriptomic and proteomic 
profiling suggests that a cytokine cocktail can 
stimulate UCBN in terms of degranulation,  
activation, proliferation, and survival, thereby 
enhancing and sustaining their viability. 

Immune cells derived from PB are commonly 
utilized for cancer immunotherapy and have 
demonstrated clinical efficacy. However, limita-
tions such as the need for prolonged amplifica-
tion prior to transplanting, donor variability, and 
heterogeneity in cell vitality hinder their broa-
der application [13]. In contrast, immune cells 
derived from UCB displayed a multitude of 
advantages across various donors. This sug-
gests the potential for developing off-the-shelf 
therapies based on UCB-derived immune cells. 
Previous studies have reported that UCB-
derived immune cells, including NK and T cells, 
exhibit notable cytotoxic activity against tumor 
cells [14, 15]. Additionally, it was also reported 
that UCB-derived immune cells may be more 
active than PB-derived cells. UCB-derived NK 
cells have been shown to be more responsive 
to cytokine activation than PB-derived NK cells 
[16]. In our study, we found that activated UCBN 
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showed higher cytotoxic activity towards ovari-
an tumor cells than activated PBN (Figure 4). 
Consistent with this phenotypic observation, 
we found an upregulation of the neutrophil acti-
vation-related signaling pathways in activated 
UCBN compared with activated PBN (Figures 1 
and 5). These findings further suggested that 
UCB could be a superior source for cancer 
immune cell therapy.

Neutrophils can exhibit both tumor-promoting 
and tumor-killing activity [17, 18], depending on 
their tissue origin, contextual environment, and 
activation status [19, 20]. Previous reports 
showed that in vitro activation of PBN with  
cytokine cocktails exhibited anti-inflammatory 
functions, eliminating parasites [12]. However, 
no anti-tumor function had been reported with 
activated PBN. Consistent with these reports, 
our study found no significant increase in cyto-
toxicity with activated PBN. The only increase 
observed was with conditioned medium from 
un-activated PBN [21]. In contrast, both acti-
vated UCBN and their conditioned medium 
exhibited anti-tumor functions (Figure 4). Our 
transcriptomic analysis revealed UCBN is a  
better-primed neutrophil type compared with 
PBN in that they are less prone to cell death  
yet more readily activated. Treatment with  
a cytokine cocktail could further stimulate 
UCBN degranulation, activation, proliferation 
and survival, thus enhancing and sustaining 
their tumor-killing activity such as through  
up-regulation of Reactive Oxygen Species  
(ROS) metabolic processes [22], as verified 
experimentally. 

In order to explain the mechanism of UCBN 
exhibits higher viability than PBN, we combin-
ing gene sequencing data with proteome 
expression data for a multi-omics analysis, we 
found eight proteins (PI3, SERPING1, CXCL8, 
CSF1, ATRN, IL6, CCL3, CXCL9) were highly 
expressed in both the transcriptomic and pro-
teomic data in activated UCBN. PI3: peptidase 
inhibitor 3, this gene encodes an elastase-spe-
cific inhibitor that functions as an antimicrobial 
peptide against Gram-positive and Gram-
negative bacteria, secreted by neutrophils to 
control mucosal immunity [23]. SERPING1: 
Serpin Family G Member 1 encodes a highly  
glycosylated plasma protein involved in the 
regulation of the complement cascade, play a 
potentially crucial role in regulating important 

physiological pathways including complement 
activation, which have demonstrated act as 
part of activated neutrophils functions [24]. 
ATRN [25], CXCL8 [26], CSF1 [27], IL6 [28], 
CCL3 [29], CXCL9 [30], these gene are mem-
bers of the chemokine family and is a major 
mediator of the inflammatory response, in- 
volved in the initial immune cell clustering dur-
ing inflammatory response and may regulate 
chemotactic activity of chemokines. Among 
these cytokines, CCL3 [31], CXCL9 [32], CXCL8 
[33], IL6 [34] and CSF1 [35] were affirmative 
disclosure secreted by neutrophils and behalf 
of cell functions on a certain extent. As ATRN, 
attractin, the gene encodes both membrane-
bound and secreted protein isoforms, we need 
more research in the future to verify the rela-
tionship between the high expression of these 
genes and activated neutrophils. In conclusion, 
high expression of these genes may contribut-
ed to the higher viability of UCBN. 

Nonetheless, our results raise several impor-
tant questions in the neutrophil-based immu-
notherapy field. A primary challenge is the typi-
cally short lifespan of neutrophils, commonly 
described as “short-lived cells” [36], which 
impedes both basic and clinical research. 
Modifications to the genome or optimization of 
culture conditions may help elongate the lifes-
pan of neutrophils. However, whether genetic 
modifications or culture conditions may signifi-
cantly alter neutrophil properties remains a 
concern. Alternatively, although not ideal, con-
ditioned medium could be a viable option, as 
demonstrated in our study. A second issue con-
cerns individual differences among donors/
patients, as we observed significant variations 
with PBN and, to a lesser extent, but still sig- 
nificant, variations with UCBN. Investigating 
these individual variations could provide critical 
insights into underlying mechanisms, greatly 
facilitating clinical applications. Given their 
accessibility and strong tumor cytotoxic activi-
ty, it is imperative to further investigate the 
molecular mechanisms underlying UCBN and 
their individual variations for more effective 
cancer immune cell therapy.

In summary, our study reveals that UCBN pos-
sesses higher viability and superior functions 
compared to PBN, positioning UCBN-based 
immunotherapy as a promising new strategy  
for cancer treatment.
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Table S1. Characteristics of UCB and PB samples
Sample Sex Age Diagnosis
UCB-1 Female 38 Term labor
UCB-2 Female 29 Term labor
UCB-3 Female 31 Term labor
UCB-4 Female 32 Term labor
UCB-5 Female 26 Term labor
UCB-6 Female 30 Term labor
UCB-7 Female 31 Term labor
UCB-8 Female 30 Term labor
UCB-9 Female 32 Term labor
UCB-10 Female 26 Term labor
UCB-11 Female 28 Term labor
UCB-12 Female 32 Term labor
UCB-13 Female 24 Term labor
PB-1 Male 26 Healthy adult
PB-2 Male 27 Healthy adult
PB-3 Male 31 Healthy adult
PB-5 Female 39 Healthy adult
PB-6 Female 42 Healthy adult
PB-7 Female 38 Healthy adult
PB-8 Female 50 Healthy adult 

Figure S1. Expression of differentially expressed genes (DEGs) between UCBN and PBN. N = 3 donors in each group.



High viability umbilical cord blood-derived neutrophils

2	



High viability umbilical cord blood-derived neutrophils

3	

Figure S2. Cytotoxicity of condition medium from activated UCBN and PBN determined by EdU analysis. A. Repre-
sent images of immunofluorescence staining of EdU of ovarian cancer cells line OVCAR3 treated with conditioned 
medium of activated UCBN from donors UCB-2, UCB-7, and UCB-8. Bar = 50 μm. B. Represent images of immuno-
fluorescence staining of EdU of ovarian cancer cells line OVCAR3 treated with conditioned medium of activated PBN 
from donors PB-1 and PB-5. Bar = 50 μm. 

Figure S3. Cytotoxicity of conditioned medium of activated UCBN and activated PBN determined by apoptosis analy-
sis. A. Representative flow chart of OVCAR3 treated with conditioned medium of activated UCBN and activated PBN 
staining using Annexin V-FITC/PI apoptosis detection kit. B. Histogram of apoptosis OVCAR3 cells treated with con-
ditioned medium of activated UCBN and activated PBN respectively (n = 5). *P < 0.05, **P < 0.01.
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Figure S4. Screened anti-tumor molecule CCL3 by multi-Omics analysis. A. KEGG pathway enrichment analyses in 
up-regulated DEGs in activated UCBN-CM and un-activated UCBN-CM. B. Lattice Diagram of Proteome Profiler TM 
Array. 


