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Abstract

This study aimed to investigate the effects of oral administration of antimicro-
bial peptide Sublancin on the acquired immune response in ovalbumin (OVA)-
immunized mice. Sixty 6-week-old female BALB/c mice were randomly divided
into 5 groups with 12 mice per group. Mice in the blank control group were
orally administered normal saline, those in the positive control group received
2.5 mg/kg body weight of levamisole solution, and mice in the antimicrobial
peptide Sublancin groups were orally administered Sublancin solutions at 0.5,
1.0, and 2.0 mg/kg body weight. All groups received continuous administration
for 14 days. Twenty-four hours after the administration period, all mice were
immunized subcutaneously with the model antigen OVA, followed by a booster
immunization 14 days later. Seven days after the second immunization, blood
and spleens were collected. Serum OVA-specific immunoglobulin G (IgG) and
its subclasses IgG1 and IgG2a, as well as cytokine levels, were measured using
indirect enzyme-linked immunosorbent assay (ELISA). The results showed: 1)
Compared with the blank control group, serum OVA-specific IgG levels were sig-
nificantly or extremely significantly increased in the 0.5, 1.0, and 2.0 mg/kg Sub-
lancin groups and the positive control group (P<0.05 or P<0.01). 2) Compared
with the blank control group, serum OVA-specific IgG1 levels were significantly
or extremely significantly increased in the 1.0 and 2.0 mg/kg Sublancin groups
and the positive control group (P<0.05 or P<0.01), serum OVA-specific IgG2a
levels were significantly increased in the 1.0 mg/kg Sublancin group and the pos-
itive control group (P<0.05), and the stimulation index of splenic lymphocytes
was significantly increased in the 1.0 mg/kg Sublancin group and the positive
control group (P<0.05). 3) Compared with the blank control group, the levels
of T helper type 1 (Thl) cytokines interferon- (IFN- ) and interleukin-2 (IL-2)
in the supernatant of splenic lymphocytes were significantly or extremely signifi-
cantly increased in the 1.0 mg/kg Sublancin group and the positive control group
(P<0.05 or P<0.01). 4) Compared with the blank control group, the levels of

chinarxiv.org/items/chinaxiv-201812.00209 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00209
https://chinarxiv.org/items/chinaxiv-201812.00209

ChinaRxiv [$X]

T helper type 2 (Th2) cytokines interleukin-4 (IL-4) and interleukin-10 (IL-10)
in the supernatant of splenic lymphocytes were significantly or extremely signif-
icantly increased in the 0.5 and 1.0 mg/kg Sublancin groups and the positive
control group (P<0.05 or P<0.01). 5) No significant differences were observed
in any of the above parameters between the 0.5, 1.0, and 2.0 mg/kg Sublancin
groups and the positive control group (P>0.05). These results indicate that
antimicrobial peptide Sublancin can induce a Th1/Th2 mixed-type immune re-
sponse in OVA-immunized mice, enhancing both humoral and cellular immune
functions.
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Abstract

This study investigated the effects of intragastric administration of antimicrobial
peptide Sublancin on the acquired immune response in mice immunized with
ovalbumin (OVA). Sixty 6-week-old female BALB/c mice were randomly divided
into 5 groups (n=12 per group). The blank control group received normal
saline, the positive control group received levamisole at 2.5 mg/kg body weight,
and the Sublancin groups received Sublancin at 0.5, 1.0, and 2.0 mg/kg body
weight, respectively. All treatments were administered daily for 14 consecutive
days. Twenty-four hours after the final administration, mice were immunized
subcutaneously with OVA as a model antigen. A booster immunization was
given 14 days later, and blood and spleen samples were collected 7 days after
the second immunization. Serum OVA-specific immunoglobulin G (IgG) and its
subclasses IgG1 and IgG2a, as well as cytokine levels, were measured by indirect
enzyme-linked immunosorbent assay (ELISA).

The results showed: (1) Serum OVA-specific IgG levels in the 0.5, 1.0, and 2.0
mg/kg Sublancin groups and the positive control group were significantly or ex-
tremely significantly higher than in the blank control group (P<0.05 or P<0.01).
(2) Compared with the blank control group, serum OVA-specific IgG1 levels in
the 1.0 and 2.0 mg/kg Sublancin groups and the positive control group were sig-
nificantly or extremely significantly increased (P<0.05 or P<0.01), while serum
OVA-specific IgG2a levels in the 1.0 mg/kg Sublancin group and the positive
control group were significantly increased (P<0.05). The spleen lymphocyte
stimulation index was also significantly increased in the 1.0 mg/kg Sublancin
group and the positive control group (P<0.05). (3) The contents of T helper
type 1 (Thl) cytokines interferon- (IFN-) and interleukin-2 (IL-2) in spleen
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lymphocyte supernatant were significantly or extremely significantly increased
in the 1.0 mg/kg Sublancin group and the positive control group (P<0.05 or
P<0.01). (4) The contents of T helper type 2 (Th2) cytokines interleukin-4
(IL-4) and interleukin-10 (IL-10) in spleen lymphocyte supernatant were signif-
icantly or extremely significantly increased in the 0.5 and 1.0 mg/kg Sublancin
groups and the positive control group (P<0.05 or P<0.01). (5) No significant
differences were observed among the Sublancin groups and the positive control
group for any of the measured parameters (P>0.05). These findings demon-
strate that Sublancin can induce mixed Thl and Th2 immune responses in
OVA-immunized mice, thereby enhancing both humoral and cellular immune
functions.

Keywords: antimicrobial peptide; Sublancin; mice; humoral immunity; cellular
immunity

Introduction

Antimicrobial peptides (AMPs) are biologically active small polypeptides pro-
duced by living organisms and widely distributed across the biological kingdom.
As essential components of the innate immune defense system, they constitute
the first line of host defense against pathogenic microorganisms [1-2]. AMPs
exhibit broad-spectrum antimicrobial activity against Gram-positive bacteria,
Gram-negative bacteria, mycobacteria, and fungi, while also demonstrating ef-
ficacy against parasites, viruses, and even tumor cells [1,3-4]. Most AMPs ex-
ert their antibacterial effects by disrupting bacterial cytoplasmic membrane
integrity, though some can penetrate cell membranes and bind to intracellu-
lar targets, making them less prone to inducing bacterial resistance and thus
a promising alternative to antibiotics [3,5]. As research on AMP structure
and function has progressed, their immunomodulatory functions have gradually
been discovered. Beyond direct antimicrobial activity, AMPs possess multiple
immunomodulatory properties, including regulation of inflammatory responses,
chemotaxis of immune cells, promotion of cell differentiation, and activation
of innate and adaptive immunity [2,6]. Studies have shown that fish-derived -
helical antimicrobial peptides and chicken -defensins (AvBD) 1-14 can enhance
antigen-specific humoral and cellular immune responses in animals, thereby im-
proving vaccine efficacy [7-9].

Sublancin is a cationic peptide consisting of 37 amino acids with two disul-
fide bonds, originally isolated from the fermentation broth of Bacillus sub-
tilis 168 strain by Hansen’ s research team at the University of Maryland [10-
11]. Tts amino acid sequence is GLGKAQCAALWLQCASGGTIGCGGGAVAC-
QNYRQFCR, with a molecular weight of approximately 3,875.74 Da [10-11].
Sublancin is extremely stable, tolerating pH ranges from 1.5 to 9.5 and high-
temperature environments [12]. It exhibits activity against Gram-positive bac-
teria including Bacillus megaterium, Staphylococcus aureus, Streptococcus pyo-
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genes, and Clostridium perfringens, but shows no significant antibacterial effect
against Gram-negative bacteria [13-15]. Paik et al. [13] proposed that Sublancin
exerts its antibacterial activity by targeting specific molecules in bacterial mem-
brane synthesis, leading to pore formation. Kouwen et al. [16] found that Sub-
lancin’ s antibacterial activity is associated with bacterial mechanosensitive ion
channels, suggesting it may cause bacterial lysis by preventing channel closure
and inducing rapid efflux of intracellular contents. Wang et al. [14] reported
that Sublancin may inhibit bacterial division by disrupting energy metabolism.
Current research on Sublancin has primarily focused on its structure, expression
regulation, bactericidal activity, and mechanisms of action, while its role as an
immunomodulatory molecule remains unexplored. This study utilized BALB/c
mice as a model and ovalbumin (OVA) as a model antigen to investigate the
effects of intragastric Sublancin administration on acquired immune responses,
providing a theoretical basis for its application as an immunoenhancer in animal
production.

Materials and Methods

1.1 Experimental Materials OVA and levamisole were purchased from
Sigma-Aldrich (USA). Sublancin was produced by the National Feed Engineer-
ing Technology Research Center through construction of a novel recombinant
plasmid transformed into Bacillus subtilis W800 for high-level expression, fol-
lowed by purification using an AKTA system to obtain 99.6% pure peptide.
Sublancin was dissolved in normal saline at concentrations of 0.04, 0.08, and
0.16 mg/mL for mouse administration. RPMI-1640 medium, erythrocyte lysing
solution, and phosphate-buffered saline (PBS) were obtained from Gibco (USA).
Cell Counting Kit-8 (CCK-8) was from Dojindo (Japan). Concanavalin A
(ConA) was from Sigma-Aldrich (USA). Fetal bovine serum (FBS) was from Hy-
clone (USA). Penicillin (100 U/mL) and streptomycin (100 g/mL) were from
Gibco (USA). Bovine serum albumin (BSA) was from Sigma-Aldrich (USA).
Horseradish peroxidase (HRP)-labeled goat anti-mouse IgG was from Arigo (Tai-
wan, China). HRP-labeled goat anti-mouse IgG1 and IgG2a were from Abcam
(UK). ELISA kits for IL-2, IFN-, IL-4, and IL-10 were from R&D Systems
(USA).

Coating buffer (0.05 mol/L, pH 9.6) was prepared by dissolving 1.59 ¢ Na CO
and 2.93 g NaHCO 1in distilled water to a final volume of 1,000 mL, with pH
adjusted to 9.6. PBST wash buffer (0.01 mol/L, pH 7.4) contained 8.00 g NaCl,
2.90 g Na HPO -12H O, 0.20 g NaH PO, 0.20 g KCl, and 0.5 mL Tween-20
in 1,000 mL distilled water, pH adjusted to 7.2. Antibody diluent (1% BSA)
was prepared by dissolving 1 g BSA in 100 mL wash buffer. Blocking solution
(3% BSA) contained 3 g BSA in 100 mL wash buffer. Substrate buffer (pH 5.0)
consisted of 3.68 g Na HPO - 12H O and 0.933 g citric acid in 100 mL distilled
water. TMB substrate solution was prepared fresh before use by mixing 0.1 mL
TMB stock solution (10 mg dissolved in 100 L DMSO and 900 L distilled water)
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with 10 mL substrate buffer and 10 L 30% H O . Stop solution (2 mol/L H SO )
was prepared by adding 22.2 mL concentrated sulfuric acid (98%) to 177.8 mL
distilled water.

1.2 Experimental Design and Animal Management Sixty 6-week-old
specific pathogen-free (SPF) female BALB/c mice were purchased from Beijing
Huafukang Bioscience Co. and randomly divided into 5 groups (n=12 per group).
The blank control group received normal saline, the positive control group re-
ceived levamisole at 2.5 mg/kg body weight, and the Sublancin groups received
Sublancin at 0.5, 1.0, and 2.0 mg/kg body weight, respectively. All treatments
were administered intragastrically as 0.2 mL solutions daily for 14 consecutive
days. Twenty-four hours after the final administration, mice were immunized
subcutaneously with OVA (100 g/mouse in 0.2 mL) via multiple dorsal injec-
tions. A booster immunization with the same dose was administered 14 days
later.

The experiment was conducted at the Mouse Nutrition and Metabolism Labo-
ratory of the Ministry of Agriculture Feed Efficacy and Safety Evaluation Su-
pervision and Testing Center (Beijing). Mice were housed in temperature- and
humidity-controlled rooms (22+2°C, 45%+10% relative humidity) with a 12:12
h light-dark cycle, provided ad libitum access to feed and water, and maintained
on regular bedding changes to ensure hygienic conditions.

1.3 Sample Collection Seven days after the second OVA immunization,
blood samples were collected via retro-orbital bleeding using sterile capillary
tubes (approximately 1 mm diameter) inserted into the orbital sinus to collect
200-300 L into sterile 1.5 mL centrifuge tubes. After standing at room tem-
perature for 2 hours, samples were centrifuged at 3,000 rpm for 10 minutes at
4°C. The supernatant serum was carefully aspirated, aliquoted, and stored at
-80°C until analysis. Following blood collection, mice were euthanized by cervi-
cal dislocation, and spleens were aseptically removed for preparation of spleen
lymphocyte suspensions.

1.4 Detection Methods 1.4.1 Body Weight
Body weight was measured before intragastric administration, before the first
immunization, before the second immunization, and before necropsy.

1.4.2 Serum OVA-Specific IgG and Subclass Detection

Serum OVA-specific IgG, IgG1, and IgG2a levels were measured by indirect
ELISA. Microtiter plates were coated with 5 g/mL OVA in coating buffer (100
L/well) and incubated overnight at 4°C. After washing five times with PBST
(300 L/well for 3 minutes each), plates were blocked with 3% BSA (150 L/well)
at 37°C for 60 minutes. Following another five washes, diluted serum sam-
ples (1:1,000) were added (100 L/well, in duplicate) and incubated at 37°C for
60 minutes. After washing, HRP-labeled goat anti-mouse IgG (1:5,000), IgG1
(1:10,000), or IgG2a (1:5,000) was added (100 L/well) and incubated at 37°C
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for 60 minutes. Following final washes, TMB substrate solution (100 L/well)
was added and incubated at 37°C for 5 minutes in the dark. The reaction
was stopped with 50 L/well of 2 mol/L H SO , and absorbance at 450 nm was
measured immediately using a microplate reader.

1.4.3 Spleen Lymphocyte Proliferation Assay

Spleen lymphocyte activity was assessed using the CCK-8 assay. Seven days
after the second OVA immunization, mice were euthanized and spleens were
aseptically removed after 75% ethanol immersion for 3-5 minutes. Spleens were
placed in 10 mL cold Hanks’ solution and gently minced through a 200-mesh
stainless steel screen. The screen was washed with 3 mL cold Hanks’ solution,
and cells were collected by centrifugation at 1,000 rpm for 5 minutes. Erythro-
cytes were lysed using 2 mL erythrocyte lysing solution for 5 minutes, followed
by two washes with 3 mLL Hanks’ solution. Cells were resuspended in 1 mL
RPMI-1640 complete medium containing 10% FBS. Viability was assessed by
trypan blue staining (1:9 dilution), ensuring >95% viability before adjusting
cell concentration to 2.5x10 cells/mL. Cell suspension (100 L/well) was added
to 96-well plates, with ConA (5 g/mL final concentration) added to positive
control wells, OVA (5 g/mL final concentration) to test wells, and medium
alone to negative control and blank wells, bringing total volume to 200 L/well.
After 68 hours incubation at 37°C with 5% CO , CCK-8 reagent (10 L/well)
was added and incubated for an additional 4 hours. Absorbance at 450 nm was
measured, and stimulation index was calculated as: (OD of stimulated wells -
OD of medium) / (OD of unstimulated wells - OD of medium).

1.4.4 Cytokine Detection in Spleen Lymphocyte Supernatant

Spleen lymphocytes were prepared as described in section 1.4.3, with cell con-
centration adjusted to 5x10 cells/mL. Cell suspension (100 L/well) was added
to 96-well plates, followed by 100 L OVA (5 g/mL final concentration) and
incubated at 37°C with 5% CO for 48 hours. After incubation, plates were cen-
trifuged at 1,000 rpm for 10 minutes, and supernatants were carefully collected.
Thl cytokines (IFN-, IL-2) and Th2 cytokines (IL-4, IL-10) were quantified
using ELISA kits according to manufacturer protocols.

1.5 Statistical Analysis Data were analyzed using two-tailed independent
samples t-test in GraphPad Prism 6.0. Results are expressed as means. P<0.05
was considered statistically significant, and P<0.01 was considered extremely
significant.

Results

2.1 Effects of Sublancin on Mouse Body Weight As shown in Table 1
, no significant differences in body weight were observed among groups after 2
weeks of intragastric administration with normal saline, levamisole, or Sublancin
(P>0.05). Similarly, no significant differences were found 14 days after the first
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immunization or 7 days after the second immunization (P>0.05). These results
indicate that Sublancin administration did not affect mouse body weight.

Table 1 Effects of antimicrobial peptide Sublancin on body weight of mice

Before After 14 days after 7 days after
intragastric intragastric first second
Items administration administration immunization immunization

Blank- - - -
con-

trol

group

Positive - - -
con-

trol

group

Antim@cbobial 1.0 2.0 -
pep-
tide
Sub-
lancin
level
(mg/kg)
P- -

value

In the same row, values with no letter superscripts mean no significant difference

(P>0.05).

2.2 Effects of Sublancin on Serum OVA-Specific IgG Levels The ef-
fects of Sublancin on serum OVA-specific IgG content are presented in Figure 1
[Figure 1: see original paper]. Compared with the blank control group, serum
OVA-specific IgG levels were significantly or extremely significantly increased
in the 0.5, 1.0, and 2.0 mg/kg Sublancin groups (P<0.05 or P<0.01) and sig-
nificantly increased in the positive control group (P<0.05). No significant dif-
ferences were observed between any Sublancin group and the positive control
group (P>0.05).

Figure 1 Effects of antimicrobial peptide Sublancin on serum OVA-specific IgG
content in mice (n=12)

NC: blank control group; PC: positive control group. Value columns with in-
dicate significant difference compared with blank control group (P<0.05), **
indicate extremely significant difference (P<0.01). Value columns of antimicro-
bial peptide Sublancin groups with no letter indicate no significant difference
compared with positive control group (P>0.05). The same applies below.*
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2.3 Effects of Sublancin on Serum OVA-Specific IgG1 and IgG2a Lev-
els The effects of Sublancin on serum OVA-specific IgG subclass levels are
shown in Figure 2 [Figure 2: see original paper]|. As shown in Figure 2-a, serum
OVA-specific IgG1 levels were significantly increased in the 2.0 mg/kg Sublancin
group and positive control group (P<0.05) and extremely significantly increased
in the 1.0 mg/kg Sublancin group (P<0.01) compared with the blank control
group. No significant differences were observed between any Sublancin group
and the positive control group (P>0.05).

As shown in Figure 2-b, serum OVA-specific IgG2a levels were significantly
increased in the 1.0 mg/kg Sublancin group and positive control group (P<0.05)
compared with the blank control group. The 0.5 and 2.0 mg/kg Sublancin
groups showed no significant difference from the blank control group (P>0.05).
No significant differences were observed between any Sublancin group and the
positive control group (P>0.05).

These results demonstrate that 2-week intragastric administration of Sublancin
at 1.0 and 2.0 mg/kg differentially increased serum OVA-specific IgG1 and
IgG2a levels in OVA-immunized mice, with effects comparable to the levamisole
positive control group.

Figure 2 Effects of antimicrobial peptide Sublancin on serum OVA-specific
IgG1 (a) and IgG2a (b) contents in mice (n=12)

2.4 Effects of Sublancin on Spleen Lymphocyte Proliferation The
effects of Sublancin on spleen lymphocyte proliferation capacity are presented
in Figure 3 [Figure 3: see original paper]. The spleen lymphocyte stimulation
index was significantly increased in the 1.0 mg/kg Sublancin group and positive
control group compared with the blank control group (P<0.05). No significant
differences were observed in the 0.5 and 2.0 mg/kg Sublancin groups (P>0.05),
and no significant differences were found between any Sublancin group and the
positive control group (P>0.05).

Figure 3 Effects of antimicrobial peptide Sublancin on spleen lymphocyte pro-
liferation capacity in mice (n=12)

2.5 Effects of Sublancin on Thl Cytokine Levels in Spleen Lympho-
cyte Supernatant The effects of Sublancin on Thl cytokine levels are shown
in Figure 4 [Figure 4: see original paper]. As shown in Figure 4-a, IFN- lev-
els were significantly increased in the 1.0 mg/kg Sublancin group and positive
control group compared with the blank control group (P<0.05). No significant
differences were observed in the 0.5 and 2.0 mg/kg Sublancin groups (P>0.05),
and no significant differences were found between any Sublancin group and the
positive control group (P>0.05).

As shown in Figure 4-b, I1-2 levels were extremely significantly increased in
the 1.0 and 2.0 mg/kg Sublancin groups (P<0.01) and significantly increased
in the positive control group (P<0.05) compared with the blank control group.
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No significant differences were observed between any Sublancin group and the
positive control group (P>0.05).

These results indicate that 2-week intragastric administration of Sublancin at
1.0 and 2.0 mg/kg promoted spleen lymphocyte secretion of Thl cytokines IFN-
and IL-2.

Figure 4 Effects of antimicrobial peptide Sublancin on IFN- (a) and IL-2 (b)
levels in spleen lymphocyte supernatant of mice (n=12)

2.6 Effects of Sublancin on Th2 Cytokine Levels in Spleen Lympho-
cyte Supernatant The effects of Sublancin on Th2 cytokine levels are pre-
sented in Figure 5 [Figure 5: see original paper|. As shown in Figure 5-a, IL-4
levels were significantly increased in the 0.5 mg/kg Sublancin group and positive
control group (P<0.05) and extremely significantly increased in the 1.0 mg/kg
Sublancin group (P<0.01) compared with the blank control group. No signif-
icant differences were observed between any Sublancin group and the positive
control group (P>0.05).

As shown in Figure 5-b, IL-10 levels were extremely significantly increased in the
1.0 mg/kg Sublancin group and positive control group (P<0.01) and significantly
increased in the 0.5 mg/kg Sublancin group (P<0.05) compared with the blank
control group. No significant differences were observed between any Sublancin
group and the positive control group (P>0.05).

These results demonstrate that 2-week intragastric administration of Sublancin
at 0.5 and 1.0 mg/kg promoted spleen lymphocyte secretion of Th2 cytokines
11-4 and IL-10.

Figure 5 Effects of antimicrobial peptide Sublancin on IL-4 (a) and IL-10 (b)
levels in spleen lymphocyte supernatant of mice (n=12)

Discussion

In addition to antimicrobial activity, antimicrobial peptides such as -defensins
and -defensins can bridge innate and adaptive immunity by inducing differ-
entiation of macrophages and dendritic cells and chemoattracting dendritic
cells, monocytes, and T cells [2,6]. Furthermore, antimicrobial peptides like
-defensins can directly regulate adaptive immunity by promoting CD4+ T lym-
phocyte proliferation and cytokine secretion [17]. Consequently, antimicrobial
peptides can enhance antigen-specific adaptive immune responses to model anti-
gens or pathogenic microorganisms [18]. While Sublancin has demonstrated in
vitro and in vivo antibacterial activity [13-15], its effects on adaptive immunity
remain unclear. This study used a mouse model and OVA as a model antigen
[7,19] to investigate Sublancin’ s impact on adaptive immune responses.

Adaptive immunity comprises humoral immunity mediated by B lymphocytes
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and cellular immunity mediated by T lymphocytes. Humoral immunity involves
antigen-induced B cell activation, proliferation, differentiation, and antibody
production that exert effects in body fluids [20]. Serum antigen-specific antibody
levels are commonly used to reflect humoral immune function. Cellular immune
responses involve three stages: (1) naive T cell recognition of specific antigens,
(2) activation, proliferation, and differentiation into effector T cells, and (3)
effector T cell-mediated antigen clearance [20]. T helper (Th) cells are the
primary regulators of immune responses, producing numerous cytokines that
control immune responses through complex regulatory networks. CD4+ Th
cells can be classified into Th1l and Th2 subsets based on their cytokine profiles
[21]. Th1 cells induce cellular immune responses through macrophage activation
and cytokine release to clear intracellular antigens, while Th2 cells promote B
cell proliferation, differentiation, and antibody production through IL-4, IL-5,
IL-6, and IL-10 secretion, thereby supporting humoral immunity [20-21].

Our findings demonstrate that Sublancin administration increased serum OVA-
specific IgG levels, indicating enhanced OVA-specific humoral immune responses.
Beyond increasing total IgG, Sublancin promoted production of IgG1 and IgG2a
subclasses, which are used to evaluate Th2- and Thl-type humoral immune
responses, respectively [22]. These results suggest that Sublancin enhances both
Th1- and Th2-type humoral immune responses.

Sublancin increased secretion of Thl cytokines I1-2 and IFN- as well as Th2
cytokines IL-4 and IL-10 from spleen lymphocytes stimulated with OVA, in-
dicating enhancement of both Thl and Th2 immune responses. This finding
aligns with the observed effects on IgG subclass production. Collectively, the
results for OVA-specific antibody subclasses and cytokine profiles demonstrate
that Sublancin can induce mixed Th1l/Th2 immune responses.

Additionally, Sublancin increased the spleen lymphocyte stimulation index, an
important indicator of cellular immune function [23]. These results suggest that
Sublancin can facilitate robust cellular immune responses to OVA, consistent
with its promotion of Thl cytokine production.

Levamisole, the levo-isomer of synthetic tetramisole, has been extensively stud-
ied as an immunomodulatory agent that enhances both humoral and cellular
immune responses, serving as a reference standard in many immunoenhancer
studies [24-27]. Our results showed that Sublancin administration at 0.5, 1.0,
and 2.0 mg/kg produced comparable immunoenhancing effects to 2.5 mg/kg
levamisole in OVA-immunized mice. Importantly, Sublancin administration
did not significantly affect mouse body weight, demonstrating excellent safety
at doses of 0.5-2.0 mg/kg for 2 weeks.

Antimicrobial peptides influence both innate and adaptive immune responses
[28]. Previous studies have shown that human neutrophil-derived -defensins
increase serum antigen-specific IgG levels and promote IFN- | IL-5, IL-6, and
IL-10 release from CD4+ T cells [29-30]. The synthetic antimicrobial peptide
KLKL5KLK is an effective Th2-type immunity inducer [7], while synthetic adju-
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vants combining KLKLSKLK with deoxyinosine/deoxycytosine mixtures elicit
Thl-type cellular and humoral responses [31-32]. Although accumulating evi-
dence demonstrates that antimicrobial peptides influence innate and adaptive
immunity, the underlying mechanisms remain poorly understood. Current evi-
dence suggests antimicrobial peptides may activate innate immunity to initiate
adaptive responses by inducing dendritic cell and macrophage differentiation
[33-35], or directly regulate adaptive immunity by acting on T and B cells [6].
In vivo studies indicate antimicrobial peptides may enhance adaptive immunity
by improving antigen delivery to antigen-presenting cells (APCs) or prolonging
antigen retention at injection sites [7]. Fritz et al. [7] found that synthetic an-
timicrobial peptide KLKL5KLK enhanced OVA presentation to the monocyte-
macrophage cell line P388D1 and prolonged OVA retention at injection sites.
While our study demonstrates that Sublancin enhances antigen-specific cellular
and humoral immune responses with mixed Th1/Th2 polarization, the precise
mechanisms require further investigation.

Conclusion

Sublancin can induce mixed Th1l and Th2 immune responses in OVA-immunized
mice, thereby enhancing both humoral and cellular immune responses.
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