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Abstract
Background: Chronic low-grade inflammation is a key driver of many
diseases, necessitating safe and effective interventions. We developed SVS,
a composite formula containing serum-derived bovine immunoglobulin
protein isolate (SBI), vitamin C, and selenium-enriched yeast (Se-yeast),
and evaluated its immunomodulatory and anti-inflammatory properties.
Methods: In mice administered SVS (0.240-0.720 g/kg/day) for 30 days,
immune function was assessed through concanavalin A-induced
splenocyte proliferation and macrophage phagocytosis. 77 wvitro,
LPS-stimulated RAW 264.7 macrophages were treated with SVS (1-30 p
g/mL). Nitric oxide (NO) and cytokine levels (TNF-a, IL-6) were measured,
and transcriptomic profiling was conducted. Results: High-dose SVS
enhanced

significantly splenocyte

phagocytosis 77 vivo (p < 0.05). /7 vitro, SVS inhibited LPS-induced NO

proliferation and macrophage
production and suppressed the secretion and mRNA expression of TNF-a
and IL-6 (o < 0.05). At 30 pg/mL, SVS exhibited a stronger inhibitory
effect on NO production than its individual components. Transcriptomic
analysis indicated that SVS reversed LPS-induced gene expression
alterations, particularly in the cytokine-cytokine receptor interaction
pathway. Conclusions: The SVS formula demonstrates context-dependent
immunomodulatory activity by enhancing immune responsiveness while
curbing excessive inflammation, supporting

its potential as an

immunonutritional intervention for chronic inflammatory conditions.
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1 Introduction

The immune system serves as the primary defense
mechanism of the body, safeguarding against

pathogenic invasion and maintaining internal
homeostasis. It comprises lymphoid organs, immune
cells, antibodies, cytokines, and various humoral
factors that together form an integrated defensive
network [1]. Its include

principal functions

antimicrobial defense, clearance of damaged or
senescent cells, and immune surveillance to identify
and eliminate malignant cells [2]. Inflammation is a
fundamental physiological response to infection or
tissue injury that facilitates pathogen clearance and
initiates tissue repair [3]. However, chronic low-grade
inflammation, represents a state of persistent immune
dysregulation and serves a central pathogenic driver in
a spectrum of conditions, including cardiorenal
diseases, metabolic disorders, and cancer [4]. Notably,
immune abnormalities and

persistent low-grade

inflammation have also been implicated in the
long-term sequelae of SARS-CoV-2 infection [5,6].
While conventional pharmacotherapies such as
nonsteroidal anti-inflammatory drugs (NSAIDs) and
glucocorticoids provide symptomatic relief, their
long-term utility is hampered by significant adverse
effects, including gastrointestinal injury, organ toxicity,
and immunosuppression [7]. These limitations have
spurred interest in developing safe functional foods
with  immunomodulatory and anti-inflammatory
activities, often leveraging natural ingredients such as
vitamins, minerals, botanicals, and animal-derived

extracts.

Guided by the principles of nutritional immunology, we
developed a composite functional formula, SVS, which
integrates serum-derived bovine
(SBI),

yeast

immunoglobulin

protein isolate vitamin C, and

selenium-enriched (Se-yeast). Orally
administered SBI exerts beneficial effects by binding

and neutralizing proinflammatory antigens such as

lipopolysaccharide (LPS), intestinal

permeability, and promoting gut microbial balance

reducing

[8-10]. Notably, the protein fraction of SBI comprises
more than 50% IgG, with the remainder consisting of
serum proteins such as albumin, transferrin, and a
2-macroglobulin [11]. Furthermore, SBI is generally
recognized as safe (GRAS) for use in medical foods, a
status supported by clinical studies [12-15]. Its
therapeutic potential is underscored by ongoing
clinical investigations,

COVID-19 (NCT04682041). We hypothesized that the

including studies involving
efficacy of SBI could be potentiated by the addition of
targeted micronutrients. Vitamin C was incorporated
to provide robust antioxidant support, scavenge free
radicals, and directly bolster immune-cell functions,
thereby mitigating the oxidative stress that frequently
accompanies inflammation [16,17]. Concurrently,
Se-yeast, with its superior bioavailability [18], was
included to further modulate redox balance and
immune responses through its incorporation into
[19],

anti-inflammatory network.

selenoproteins potentially amplifying the

We therefore formulated the composite ingredient
SVS, consisting of SBI, vitamin C, and Se-yeast.
Preliminary data indicated that SVS enhanced both
cellular and humoral immunity in healthy mice [20].
This initial

evidence, coupled with our previous

demonstration that a formulated combination
outperforms its individual constituents [21], led us to

propose that SVS formula would act synergistically via

complementary mechanisms to achieve
context-dependent immunomodulation: enhancing
baseline immune capacity while effectively
constraining excessive inflammatory responses.

Therefore, the present study aimed to systematically
evaluate the immunomodulatory and
anti-inflammatory effects of the SVS formula using
both /7 v/vo and /7 vitro models, and to elucidate its
underlying  mechanisms

through  transcriptomic

analysis.
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2 Materials and methods
2.1 Materials and reagents

SBI was supplied by Proliant New Zealand Limited
(Feilding, New Zealand). Vitamin C was obtained from
Heilongjiang Xinhecheng Biotechnology Co., Ltd.
(Heilongjiang, China). Se-yeast (0.2% selenium) was
purchased from Angel Yeast Co., Ltd. (Hubei, China).

MTT, ConA, and Giemsa dyes were obtained from

Beijing Suolaibao Technology Co., Ltd. (Beijing, China).

7

RPMI-1640 medium, high-glucose Dulbecco s
modified Eagle’s medium (DMEM), fetal bovine serum
(FBS), and the RevertAid First Strand cDNA Synthesis
Kit were procured from Thermo Fisher Scientific
(China) Co., Ltd. (Shanghai, China). Additional
reagents, including lipopolysaccharide  (LPS),
phosphate-buffered saline (PBS), dimethyl sulfoxide
(DMSO0), penicillin - streptomycin solution, TRIzol
reagent, diethylpyrocarbonate (DEPC)-treated water,
and BeyoFast ™ SYBR Green gRT-PCR Mix, were
acquired from Shanghai Beyond Biotechnology Co.,
Ltd. (Shanghai, China). Chloroform, isopropanol, and
absolute ethanol were purchased from Tianjin Damao

Chemical Reagent Factory (Tianjin, China).
2.2 Animal experiments
2.2.1 Experimental design

Male Kunming mice (20-22 g) were obtained from the
Guangdong Medical Laboratory Animal Center and
maintained under standardized housing conditions
[22]. All experimental procedures were approved by
the Ethics Committee for Animal Experiments of Zunyi
Medical University and conducted in accordance with

institutional animal welfare guidelines.

SVS was prepared at a mass ratio of SBI: vitamin C:
Se-yeast = 1: 0.4: 0.04. On the basis of the
recommended adult daily intakes (1 g SBI and 1.44 g
SVS) and a standard adult body weight of 60 kg, the
low- and high-dose groups were designed with 10-fold
and 30-fold human-equivalent doses, respectively, in
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accordance with the 7ecinical Stanaards for 7esting
and Assessment of Hea/ttr Food (China, version 2023).
A total of 120 mice were randomly divided into two
experimental batches (Batch I and Batch II; n = 60
each). Each batch was further subdivided into five
groups (n = 12/group): (1) control (Con) group
receiving drinking water, (2) low-dose SBI (0.167
ag/kg), (3) high-dose SBI (0.501 g/kg), (4) low-dose
SVS (0.240 g/kg), and (5) high-dose SVS (0.720
g/kg). All the treatments were administered orally
once daily for 30 consecutive days. The mice in Batch
I were used for the ConA-induced splenic lymphocyte
proliferation assay, whereas those in Batch II were
used for the peritoneal macrophage phagocytosis
assay. Both immunological evaluations were
conducted in accordance with the aforementioned

national standards.
2.2.2 Splenic lymphocyte proliferation assay

On Day 30, the spleens were aseptically harvested and

7

placed in sterile Hanks solution. Single-cell
suspensions were prepared by gently grinding the
tissue, filtering through a 200-mesh sieve, and
washing twice with sterile buffer. The cells were
subsequently centrifuged at 500 x g for 10 min and
resuspended to a final concentration of 3 x 10°
cells/mL. Aliquots (1 mL) were seeded into two wells
of a 24-well plate. One well was supplemented with 75
ML of ConA solution (7.5 pg/mL), while the other well
served as a negative control. The plates were
incubated at 37 C in a 5% CO, atmosphere for 72 h.
Four hours prior to the end of incubation, 0.7 mL of
the supernatant was replaced with fresh RPMI-1640
without FBS, followed by the addition of 50 pyL of MTT
solution (5 mg/mL). After 4 h of incubation, 1 mL of
acidic isopropanol was added to dissolve the formazan
crystals. The optical density (OD) was measured at
5700 nm via a microplate reader. The
lymphoproliferative response was expressed as the

difference in OD values between ConA-stimulated and
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unstimulated cultures.
2.2.3 Peritoneal macrophage phagocytosis assay

The mice were injected intraperitoneally with 1 mL of
20% (v/v) chicken red blood cells (CRBCs). After 30
min, peritoneal lavage was performed with 2 mL of
sterile saline following gentle abdominal massage. A
1-mL aliquot of the lavage fluid was applied to two
pretreated slides and incubated at 37 °C for 30 min in
a humidified chamber. The slides were then washed
three times, fixed in a 1: 1 acetone-methanol solution
for 10 min, and stained with 4% Giemsa stain for 3
min. After rinsing and drying, macrophage
phagocytosis was assessed microscopically under oil
immersion, with 100 cells counted per slide. The

phagocytic index was calculated as follows:

Phagocytic Index= Total number of CRBCs ingested by
counted macrophages/Total number of macrophages

examined
2.3 RAW 264.7 macrophage experiments
2.3.1 Cell viability assay

RAW 264.7 macrophages were cultured in DMEM
supplemented with 10% FBS and 1%
penicillin-streptomycin at 37 C in a humidified
atmosphere containing 5% CO,. The cells were seeded
into 96-well plates at a density of 1 x 10* cells/well in
100 pL of medium. The treatment groups included the
control, SBI (0.3-1000 pg/mL), vitamin C (0.3-1000
pMg/mL), Se-yeast (0.01-30 pg/mL), SVS (0.3-1000
Mg/mL), and a blank group (no cells). After 24 h of
incubation, the culture medium was replaced with
fresh medium containing the indicated agents, and the
cells were incubated for an additional 24 h. MTT
solution (1 mg/mL, 100 pL/well) was then added, and
the mixture was incubated for 4 h. The resulting
formazan crystals were dissolved in DMSO (100 p
L/well), and the OD was measured at 570 nm. For the
inflammation experiment, dexamethasone (DXM) was

used as a positive control. The cells were cotreated

4

with LPS (1 pg/mL) and intervention agents (SBI,
vitamin C, and SVS: 1-30 pg/mL; Se-yeast: 0.1-3 p
g/mL; DXM: 30 uM).

Based on the results of this cell viability screening,
non-cytotoxic concentrations (1, 3, 10, and 30 ug/mL
for SBI, vitamin C, and SVS; 0.1, 0.3, 1, and 3 ug/mL
for Se-yeast) were selected for use in the subsequent

LPS-stimulated inflammation experiments.

2.3.2 Nitric oxide (NO) quantification via the Griess

assay

NO levels were measured via a commercial kit
(Beyotime Biotechnology, Shanghai, China). RAW
264.7 cells (2.5 x 10* cells/well) were treated as
described in Section 2.3.1. After 24 h of incubation, 50
ML of culture supernatant was mixed with equal
volumes of Griess Reagent. The mixture was
incubated at room temperature (approximately 25 °C)
for 10 min, and the absorbance was read at 540 nm.
NO concentrations were calculated from a sodium

nitrite (NaNO,) standard curve.

2.3.3 Enzyme-linked immunosorbent assay (ELISA)
and quantitative real-time polymerase chain reaction
(gRT-PCR) for TNF-a and IL-6

The cells were treated with LPS (1 pg/mL) alone orin
combination with SVS (30 pg/mL). Subsequently, the
culture supernatants were collected, centrifuged at
500 x g for 15 min at 4 °C, and then assayed in
duplicate. The levels of TNF-a and IL-6 in the
supernatants were determined using commercial
ELISA kits (TNF-a: MM-0163M1, IL-6: MM-0163M2;
Meimian Industrial, China) according to the
manufacturers' instructions, and the absorbance was

measured at 450 nm.

For gene expression analysis, total RNA was extracted
using TRIzol reagent (R0O016, Beyond Biotechnology,
China), and its purity was confirmed (A,g0/Asg0 = 1.8-
2.1). cDNA was synthesized from 1 pg of RNA using
the RevertAid First Strand cDNA Synthesis Kit (K1622,

Exploration and Verfication Publishing
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Thermo Fisher USA). gRT-PCR was
performed using BeyoFast™ SYBR Green gRT-PCR Mix
(D7266, Beyond Biotechnology, China) with the

Scientific,

primers listed in Table S1. The amplification protocol
was as follows: initial denaturation at 95 °C for 5 min;
followed by 40 cycles of 95 C for 15 s and 60 °C for
30 s. The relative gene expression was calculated
using the 2722 method with GAPDH as the internal

reference control.
2.3.4 Transcriptomic analysis

RAW 264.7 cells (2 x 10° cells/well) were grouped
into the following groups: (1) control; (2) LPS (1 p
g/mL); and (3) LPS + SVS (1 pg/mLLPS + 30 pg/mL
SVS). RNA extraction followed the protocols in Section
2.3.3. Libraries were prepared via poly(A)+ selection,
fragmented, reverse-transcribed, and

(150-bp paired-end) via the Illumina NovaSeq 6000

sequenced

platform.

Bioinformatic processing involved Cutadapt (v1.9.1),
HISAT2 (v2.2.1), and HTSeq (v0.13.5). Differentially
expressed genes (DEGs) were identified via DESeq2
with thresholds of [log,FC| = log,(1.5) and p < 0.05.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were conducted via
OmicShare tools. Alternative splicing was analyzed
with rMATS, and principal component analysis (PCA)
was performed to visualize sample clustering on the
basis of gene expression profiles [23]. Pathways were

visualized with PathVisio (v3.3.0).
2.3.5 qRT-PCR validation of DEGs

Selected DEGs (CCL22, IL7R, CSF2RB2, INHBA,
TNFRSF9, IL1F6, LIF, and IL1A) were chosen for
validation based on their significant p-values and
involvement in key enriched pathways. The mRNA
expression levels of these genes were then validated
via qRT-PCR, as described in Section 2.3.3. The primer
sequences are listed in Table S1. Three biological

replicates were analyzed.

Exploration and Verfication Publishing
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2.4 Statistical methods

The data were analyzed via SPSS software (Version 29;
IBM Corp., Armonk, NY, USA). The results are
presented as the means % standard deviations (SD).
One-way ANOVA followed by the least significant
difference (LSD) post hoc test was used for

comparisons, with significance set at p < 0.05.
3 Results

3.1 SBI and SVS enhance splenic lymphocyte

proliferation and peritoneal macrophage phagocytosis

Splenic lymphocytes were isolated 30 days after
animal intervention (Figure 1A). Compared with the
control, high-dose SVS (0.720 g/kg) significantly
enhanced ConA-induced splenocyte proliferation (o <
0.05; Figure 1B). Similarly, peritoneal macrophages
were collected (Figure 1C). Both high-dose SBI (0.501
g/kg) and high-dose SVS (0.720 g/kg) significantly
elevated the phagocytic index of peritoneal
macrophages relative to that of the control group (o <
0.05; Figure 1D). No signs of toxicity, such as
abnormal body weight or organ pathology, were

observed in the animal study (data not shown).

3.2 Effects of SBI, vitamin C, Se-yeast, and SVS on the
basal viability of RAW 264.7 macrophages

The effects of various agents on cell viability were
evaluated across a concentration range of 0.01-1000
HMg/mL. At concentrations < 10 pg/mL, none of the
treatments resulted in a statistically significant
decrease in cell viability compared with the control,
indicating that there were no cytotoxic effects at lower
concentrations (Figure 2). At 30 p g/mL, the
maximum concentration achievable under solvent
conditions, Se-yeast treatment led to a significant
reduction in cell viability (o < 0.05 vs. control),
whereas SBI and SVS maintained viability levels
comparable to those of the control. At higher
concentrations (100-1000 pg/mL), vitamin C induced
significant cytotoxicity relative to the control (o <

5


https://doi.org/10.62767/jecacm604.1128
https://ojs.exploverpub.com/

7 Exp. Chin. Appl. Chin. Med. 2025, 6(4), 1-16
0.05), with a greater reduction in viability than that of SVS (p < 0.05).
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Figure 1 Immunomodulatory effects of SBI and SVS in mice. The mice were orally received drinking water, SBI
(0.167 or 0.501 g/kg), or SVS (0.240 or 0.720 g/kg) daily for 30 consecutive days. (A) Experimental design of the
ConA-induced splenic lymphocyte proliferation assay. (B) Effects of SBI and SVS on ConA-induced splenic
lymphocyte proliferation. The proliferative response was quantified as the difference in optical density (AOD)
between ConA-stimulated and unstimulated cultures. (C) Experimental design of the peritoneal macrophage
phagocytosis assay. (D) Effects of SBI and SVS on the phagocytic index in mice. The data are shown as the means
+ SD (n =12). * p< 0.05 vs. the control group. Con, control; SBI, serum-derived bovine immunoglobulin protein

isolate; SVS, SBI combined with vitamin C and Se-yeast.
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Figure 2 Effects of SBI, vitamin C, Se-yeast, and SVS on cell viability. The data are shown as the means + SD (n
= 3); * p < 0.05 vs. the control group. * p < 0.05 indicates a significant difference between treatment groups at
the same concentration. Con, control; SBI, serum-derived bovine immunoglobulin protein isolate; SVS, SBI

combined with vitamin C and Se-yeast.
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3.3 Effects of SBI, vitamin C, Se-yeast, and SVS on cell
viability and NO production in LPS-stimulated RAW
264.7 macrophages

Cell viability was assessed following treatment with

the indicated agents at soluble, nontoxic
concentrations in the presence of LPS (1 pg/mL). As
shown in Figure 3A, no significant cytotoxicity was
detected within the concentration range of 0.1-30 p

g/mL, as the cell viability remained comparable to that

. Exp. Clin. Appl. Chin. Med, 2025, 6(4), 1-16
of the control group. However, at 3 pg/mL, Se-yeast
significantly reduced cell viability (o < 0.05 vs. the SVS
group). Compared with no treatment, LPS stimulation
markedly increased NO production (o < 0.05). In
contrast, DXM, SBI, vitamin C, Se-yeast, and SVS
significantly suppressed LPS-induced NO production
(p < 0.05, Figure 3B).
concentration (30 pg/mL), SVS had a significantly
LPS-induced NO

Notably, at the same

greater inhibitory effect on

production than did SBI (p < 0.05).

ug/mL

A
~. 1404 =3 SBI Vitamin C B8 Se-yeast OO SVS
£120
8 100 %
5 .
g 807 Z ]
z o0 /
§ 40 %
5 204 %
(@] o = é o]
DXM 0.1 0.3
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B
B0 Vitamin C &8 Se-yeast mO SVS
z c I
= 40 7
= %
ol 2 A 1
Con  DXMO0.1 0.3 y 3 10 30

ug/mL

LPS (1 pg/mL)

Figure 3 Effects of various treatments on LPS-induced changes in cell viability and NO production. (A) Cell viability

was measured via an MTT assay and is expressed as a percentage relative to the untreated control. (B) NO

production was assessed in culture supernatants via the Griess reaction. The data are shown as the means £ SD

(n = 3). 2 p < 0.05 indicates a significant difference between the treatment groups at the same concentration. ° o

< 0.05 vs. the control group; ¢ o < 0.05 vs. the LPS group; Con, control; LPS, lipopolysaccharide; SBI,

serum-derived bovine immunoglobulin protein isolate; SVS, SBI combined with vitamin C and Se-yeast.

3.4 SVS suppresses LPS-induced TNF-a and IL-6
secretion and mRNA expression in RAW 264.7

macrophages

Compared with the control conditions, LPS stimulation
significantly increased TNF-a and IL-6 secretion (o <
0.05; Figure 4A-B). Treatment with SVS (30 pg/mL)

significantly attenuated the LPS-induced secretion of

Exploration and Verfication Publishing

both cytokines (o < 0.05 vs. LPS; Figure 4A-B).
Consistent with these results, gRT-PCR analysis
revealed that, compared with control, LPS significantly
upregulated TNF-a and IL-6 mRNA expression (o <
0.05 vs. control; Figure 4C-D), and SVS (30 pg/mL)
significantly reduced the transcript level (o < 0.05;
Figure 4C-D).
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Figure 4 Effects of SVS on TNF-a and IL-6 production in LPS-stimulated macrophages. (A) TNF-a and (B) IL-6

protein levels in culture supernatants; mRNA expression of (C) TNF-a and (D) IL-6. The data are shown as the

means = SD (n = 3). * p < 0.05 vs. the control group; * o < 0.05 vs. the LPS group. Con, control; LPS,

lipopolysaccharide; SVS, serum-derived bovine immunoglobulin protein isolate combined with vitamin C and

Se-yeast.
3.5 Transcriptomic analysis results

3.5.1 Principal component analysis and differential

gene expression

Principal component analysis (PCA) revealed clear
separation among the control, LPS, and LPS + SVS
groups (Figure 5A), indicating distinct transcriptomic
analysis  with
log,(1.5) and o < 0.05

profiles.  Differential expression

thresholds of |log,FC| =

A PCA
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*LPS
*LPS +SVS
50

PC2(10.2%)
o

-50 ‘
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-100 -50 0
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C (LPS + SVS) vs LPS

«Up: 144
+ Down: 170
200

100

-logo(Pvalue)

-.' by
| IR BRI T S

-5 -2.5 0 25 5

log,(Fold Change)

revealed 2,478 upregulated and 1,693 downregulated
genes in the LPS group compared to the control group
(Figure 5B). In contrast, the comparison of the LPS +
SVS (30 pg/mL) group compared to the LPS group
revealed 144 upregulated genes and 170
downregulated genes (Figure 5C). Volcano plots
(Figure 5B-C) and a hierarchical clustering heatmap
(Figure 5D) further demonstrated that SVS partially

reversed LPS-induced transcriptional alterations.
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Figure 5 Transcriptomic analysis of differential gene expression in response to LPS and SVS treatment. (A)

Principal component analysis (PCA) plot showing the separation of the experimental groups. (B) Volcano plot of
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differentially expressed genes (DEGSs) in the LPS vs. control groups. (C) Volcano plot of DEGs in the (LPS + SVS)

vs. LPS groups. (D) Heatmap of hierarchical clustering of significant DEGs across groups. Con, control; LPS,

lipopolysaccharide; SVS, serum-derived bovine immunoglobulin protein isolate combined with vitamin C and

Se-yeast.
3.5.2 Pathway enrichment analysis

In the comparison between the LPS + SVS and LPS
groups, GO enrichment analysis revealed that the
DEGs were predominantly associated with biological
processes such as cellular process, biological
regulation, regulation of biological process, metabolic
process, and response to stimulus, whereas binding

and catalytic activity were the most enriched

molecular functions, and the cellular anatomical entity
and protein-containing complex were the major
enriched cellular component categories (Figure 6A).
KEGG pathway analysis further revealed that these
DEGs were significantly enriched in pathways related
to immune and inflammatory responses, including the
cytokine — cytokine receptor interaction, IL-17, and

TNF signaling pathways (Figure 6B).
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Cellular process
Biological regulation
Regulation of biological process
Metabolic process
Response to stimulus
Multicellular organismal process M Biological
Negative regulation of biological process Fipgen
Developmental process B Molecular
Positive regulation of biological process Funetion
Signaling M Cellular
Localization e
Binding
Catalytic activity
Cellular anatomical entity
Protein-containing complex
50 100 150 200
Number of Gene
B (LPS + SVS) vs LPS
Cytokine-cytokine receptor interaction . Gershlumber
Central carbon metabolism in cancer- ® . =
Rap1 signaling pathway 4 ® : :05
Carbohydrate digestion and absorption- ° @ 125
§ IL-17 signaling pathway 4 L] -log,,(Pvalue)

E HIF-1 signaling pathway ° !5

MAPK signaling pathway{ @ 4

TNF signaling pathway ° Ig
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Figure 6 Functional enrichment analysis of DEGs in the (LPS + SVS) vs. LPS comparison. (A) GO enrichment

analysis of biological processes, molecular functions, and cellular components. (B) KEGG pathway enrichment

analysis. LPS, lipopolysaccharide; SVS, serum-derived bovine immunoglobulin protein isolate combined with

vitamin C and Se-yeast.
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3.5.3 Modulation of cytokine - cytokine receptor

interaction genes

In LPS-stimulated cells, SVS treatment significantly
modulated the expression of genes associated with
the cytokine — cytokine receptor interaction pathway
(Figure 7A). Among the 14 key DEGs identified in this
pathway (Table 1), 4 were upregulated (e.g., IL7R and
CSF2RB2), whereas 10 were downregulated (e.g.,

CCL22 and INHBA).

downregulation was observed for IL34, whereas

The most pronounced
BMP10 exhibited the strongest upregulation. Notably,
the modulated genes included members of the IL-1
family (IL1A, IL1F6, and IL1F9), the tumor necrosis
factor (TNF) superfamily (TNFRSF9 and TNFSF12),
and hematopoietic growth factors (CSF2 and LIF),
highlighting the broad immunoregulatory influence of

SVS within this signaling network.
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Figure 7 Integrated analysis and validation of the cytokine - cytokine receptor interaction pathway in

LPS-stimulated macrophages treated with SVS. (A) Pathway enrichment analysis highlighting upregulated (red)

and downregulated (green) DEGs. DEGs further validated by qRT-PCR are marked with blue stars. Validation of
the mRNA expression levels of (B) CCL22, (C) IL7R, (D) CSF2RB2, (E) INHBA, (F) TNFRSF9, (G) IL1F6, (H) LIF,

and (I) IL1A. The data are presented as the means = SD (n = 3). # p < 0.05 vs. the control group; * o < 0.05 vs.

the LPS group. Con, control; LPS, lipopolysaccharide; SVS, serum-derived bovine immunoglobulin protein isolate

combined with vitamin C and Se-yeast.
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Table 1 DEGs in the cytokine-cytokine receptor interaction pathway.

Rank Gene ID Gene symbol log,(FC) L value
1 ENSMUSG00000031779 CCL22 -1.04 £ <0.01
2 ENSMUSG00000003882 IL7R 0.71 »<0.01
3 ENSMUSG00000071714 CSF2RB2 0.80 »<0.01
4 ENSMUSG00000041324 INHBA -2.61 »<0.01
5 ENSMUSG00000028965 TNFRSF9 -1.08 »<0.01
6 ENSMUSG00000026984 IL1F6 -1.48 »< 0.01
7 ENSMUSG00000034394 LIF -1.08 »<0.01
8 ENSMUSG00000027399 IL1A -0.73 »<0.01
9 ENSMUSG00000023047 AMHR2 -0.73 »<0.01
10 ENSMUSG00000097328 TNFSF12 0.75 »<0.01
11 ENSMUSG00000044103 IL1F9 -0.94 »<0.01
12 ENSMUSG00000030046 BMP10 2.89 »<0.01
13 ENSMUSG00000018916 CSF2 -1.60 »=0.02
14 ENSMUSG00000031750 IL34 -4.13 »=0.03

3.6 gRT-PCR validation of key DEGs

To validate the transcriptomic findings, the relative
expression levels of the top eight candidate genes—
selected on the basis of their lowest P values within the
enriched pathways-were assessed via gRT-PCR.
Compared with the control conditions, LPS stimulation
significantly upregulated the expression of six
inflammation- and immunity-related genes, including
CCL22, IL7R, TNFRSF9, IL1F6, LIF, and IL1A (Figure
7B-C,F-I). the
genes-CCL22, TNFRSF9, IL1F6, and LIF-was markedly

Notably, expression of four
attenuated in the presence of SVS, indicating a

suppressive effect of SVS on LPS-induced
proinflammatory responses. Interestingly, SVS further
increased the expression of IL7R and CSF2RB2 beyond
the levels induced by LPS (Figure 7C-D), suggesting a
potential role in modulating receptor-mediated
signaling pathways. In contrast, INHBA expression,
which was modestly induced by LPS, was reduced

following SVS treatment (Figure 7E).

4 Discussion

Exploration and Verfication Publishing

We demonstrate that the SVS formula-combining SBI,
vitamin C, and Se-yeast-exerts context-dependent
immunoregulatory and anti-inflammatory effects. /777
wvo, SVS enhanced ConA-induced splenocyte
proliferation and macrophage phagocytosis, whereas
/m vitro, it attenuated the LPS-driven activation of
RAW 264.7 macrophages. Transcriptomic profiling
revealed a multitarget mechanism converging on
canonical inflammatory pathways. Functionally, SVS
reduced NO suppressed both the
transcription and secretion of TNF- a and IL-6

(gRT-PCR/ELISA), and it did so more effectively than

levels and

any individual component did, which is consistent with
a synergistic mechanism. These outcomes align with
the enrichment of the cytokine — cytokine receptor
interaction pathway and the downregulation of MAPK,
TNF, and IL-17 signaling, suggesting that SVS is a
multipathway anti-inflammatory agent with
immunoregulatory activity. The coordinated inhibition
of NO, TNF-a, and IL-6 by SVS targets key drivers of
inflammation. NO modulates inflammatory signaling
through both cGMP- and NF-kB-dependent pathways,
influencing Ik B activity and downstream cytokine
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expression [24]. Concurrently, TNF- a and IL-6
establish a pathogenic positive feedback loop: TNF-a
upregulates IL-6 via NF-kB activation, whereas IL-6
reciprocally enhances TNF- a production. This

amplification promotes chemokine release and
adhesion molecule expression, which exacerbates
tissue injury [25]. Disruption of this axis by SVS
mirrors effects previously reported for other natural
anti-inflammatory agents in LPS models, such as

plantanone C and chlorogenic acid [26,27].

The observed enhanced effects of SVS are likely
derived from the complementary mechanisms of its
constituents. SBI serves as the core anti-inflammatory
component, binding proinflammatory antigens,
including LPS, in the gut through immune exclusion
and steric hindrance [28]. This reduces immune
overstimulation and facilitates barrier repair. Vitamin C
contributes to antioxidant activity and epithelial
barrier support, reducing lipid peroxidation and
suppressing the induction of cytokines, particularly
IL-6 [29]. Se-yeast further modulates redox balance
and immune-cell function, primarily by attenuating
NF- k B-driven transcription and activating PPAR 'y
-mediated anti-inflammatory pathways, with potential
implications for IBD [30]. Together, these mechanisms
attenuate the reduction in inflammatory initiation at
multiple establish a

points and cooperative

anti-inflammatory network.

This multitarget approach is consistent with principles
of network medicine applied to natural-product
formulations. Our recent work on Amormum vilosurm
Lour. revealed that network analysis may elucidate
synergistic mitigation of inflammation and metabolic
dysregulation in alcoholic liver disease via nodes such
as ESR1, NR3C1, TNF-a, and IL-6 [31]. Similarly,
network — metabolomic integration for Jingling oral
liquid demonstrated coordinated regulation of targets
(e.g., APP, BDNF, DRD1-DRD4) and pathways (e.g.,

tyrosine and sphingolipid metabolism) to increase

12

brain dopamine and GABA in ADHD [32]. These
precedents support a network-level rationale for SVS.
In our setting, selenium and vitamin C likely drive
gains in macrophage phagocytosis, whereas SBI
predominantly contributes to antigen binding and
anti-inflammatory activity-together yielding a more

responsive yet restrained immune state.

The transcriptomic data further indicate that SVS not

only suppresses isolated cytokines but also
reprograms inflammation-related gene networks.
KEGG enrichment confirmed significant regulation of
the cytokine —cytokine receptor interaction pathway.
Although ligand-receptor binding occurs at the protein
level, the expression of these components is governed
upstream by inflammatory signaling. Specifically, LPS
engagement of TLR4 activates downstream effectors
such as NF-kB and MAPK, which drive the secretion of
TNF-a and IL-6, upregulate their receptors (e.g.,
TNFRSF9), and induce chemokines (e.g., CCL22),
thereby sustaining a self-amplifying inflammatory loop
[33]. SVS-mediated alterations in genes, including
CCL22, IL1F6, and TNFRSF9, provide direct evidence
that SVS disrupts these LPS-driven transcriptional
cascades. Mechanistically, SVS may act at upstream
nodes-such as TLR4 signal transduction or kinases,
including  IKK-thereby limiting the  nuclear
translocation of transcription factors and attenuating
the expression of downstream inflammatory genes.
Thus, enrichment of the cytokine -cytokine receptor
interaction pathway likely reflects upstream
remodeling of the inflammatory transcriptome rather

than direct blockade of ligand-receptor binding.

Gene-level validation highlighted several key nodes

within  this network. CCL22 can exacerbate
inflammation and tissue damage (e.g., chondrocyte
apoptosis and matrix degradation) and governs
immune-cell trafficking (e.g., Treg and dendritic-cell
recruitment) via CCR4, thereby shaping the immune

microenvironment [34,35]. TNFRSF9 (4-1BB), a

Exploration and Verfication Publishing


https://doi.org/10.62767/jecacm604.1128
https://ojs.exploverpub.com/

costimulatory receptor, activates NF-k B and MAPK

signaling upon binding 4-1BBL, regulating T-cell

activation, proliferation, and antitumor responses [36].

The SVS-induced downregulation of TNFRSF9
suggests a constraint on T-cell expansion under
inflammatory stress. Notably, SVS enhanced
ConA-driven T-cell proliferation /7 7o but reduced
TNFRSF9 expression in LPS-stimulated macrophages
/7 vitro, supporting a model in which SVS augments
basal responsiveness but restrains hyperinflammatory
proliferation. IL1F6 (IL-36a), an IL-1 family cytokine
that promotes dendritic cell activation, Th17
polarization, and proinflammatory cytokine production
via IL-36R [37], is also inhibited by SVS; this may
reduce IL-6 output and help restore immune balance,
such as the Th17/Treg ratio. In addition to affecting
the TNF and MAPK pathways, SVS influences Rapl
signaling-implicated in leukocyte adhesion and
migration-and modulates glycolysis/gluconeogenesis
and central carbon metabolism, which is consistent
with the partial restoration of immunometabolic
homeostasis [38]. This concept resonates with our
recent demonstration that ginkgolide B protects
cardiomyocytes by preserving mitochondrial function
through VDAC1 [39], highlighting mitochondrial and
metabolic regulation as recurring cytoprotective

themes that may also underlie SVS activity.

These mechanisms hold significant translational
relevance. The clinical success of pathway-targeted
therapies for arthritis and enteritis underscores the
potential utility of the SVS-associated transcriptomic
signature [40,41]. Collectively, our findings establish
that the SVS formula exhibits a unique bidirectional
immunomodulatory profile. To our knowledge, this
study provides the first /7 7o evidence that combined
SBI-vitamin C-Se-yeast intervention enhances basal
immune functions-including lymphocyte proliferation
and macrophage phagocytosis-while simultaneously
attenuating excessive inflammation. Such bidirectional

regulation may be particularly advantageous in
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chronic inflammatory conditions accompanied by
immune

insufficiency, such as age-associated

inflammation or postinfectious syndromes.
Furthermore, the absence of detectable cytotoxicity at
therapeutically effective concentrations represents a
key advantage over conventional anti-inflammatory
agents, such as nonsteroidal anti-inflammatory drugs
and glucocorticoids, which are often limited by
adverse effects, including gastric mucosal injury
mediated by cyclooxygenase inhibition and impaired

prostaglandin synthesis [42].

This study has several limitations. The 7 wiro
validation was primarily conducted in a macrophage
cell line, and the efficacy of SVS in more complex
systems involving immune cell crosstalk remains to be
investigated. Furthermore, while our study included
valuable comparisons with individual components
(both /77 wivo and /7 wvitro), it did not incorporate a
control group consisting of a physical mixture of all
three individual components at the same ratios as in
the SVS formula. The inclusion of such a group in
future studies would be necessary to rigorously
distinguish between synergistic and merely additive
effects. Consequently, future work should evaluate
SVS in established inflammatory disease models (e.g.,
DSS-induced colitis), and the inclusion of this
full-component mixture control is essential to fully
elucidate the nature of the component interactions. If
supported by robust preclinical data, early-phase
clinical studies could then clarify the translational

potential of SVS.
5 Conclusion

SVS-a composite of SBI, vitamin C, and Se-yeast—
shows context-dependent immunomodulation: it
augments ConA-induced splenocyte proliferation and
macrophage phagocytosis #7 vwivo while suppressing
LPS-driven inflammation /7 wiro. This bidirectional
profile arises from multiple mechanisms, including

coordinated suppression of NO, TNF-a, and IL-6;
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reprogramming of cytokine -receptor networks; and
downregulation of TNF/MAPK/IL-17 signaling with
concomitant effects on immunometabolic pathways
(e.g., HIF-1/glycolysis). These enhanced effects,
achieved without detectable cytotoxicity at effective
doses, position SVS as a safe, multimechanistic
functional food candidate for mitigating chronic

inflammation and immune dysregulation.
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