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The bursa of Fabricius (BF) is the acknowledged central humoral immune organ in birds. Bursal septpeptide II (BSP-II) is an 
immunomodulatory bioactive peptide isolated from BF. To understand the effects of BSP-II on immune induction, gene expression profiles 
of hybridoma cells treated with BSP-II were evaluated. Pathway analysis showed that regulated genes were involved in cytokine-cytokine 
receptor interactions, T cell receptor signaling pathway, and pathway in cancer. It was observed that BSP-II reduced tumor cells proliferation 
and stimulated p53 expression. These results indicate potential mechanisms underlying the effects of the humoral immune system on immune 
induction, including antitumor activities. Our study has provided a novel insight into immunotherapeutic strategies for treating human tumors.
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Introduction

In mammals, an organ responsible for B cell differentiation 
equivalent to the thymus (where T cell differentiation occurs) 
has not been identified [1,6]. The bursa of Fabricius (BF) is 
critical for antibody production in birds, and has characteristics 
that can help delineate the pathways of B cell development in 
humans or rodent models [13,16,18]. Thus, BF can serve as an 
invaluable model for studies on the basic mammalian 
immunology.

It has been reported that various biologically active peptides 
are present in BF, such as bursin, that selectively induce the 
development of avian B cells, but not T cells, from their 
precursors in vitro [1,5]. Bursal septpeptide I (BSP-I) and bursal 
pentapeptide I (BPP-I) have antiproliferative effects on tumor 
cells, initiate tumor suppressor p53 expression, and enhance 
different types of immune responses [7,9]. However, the 
molecular basis of bursal-derived peptides on immune induction 
and antitumor activity is unclear. 

We recently reported that bursal-derived immunomodulatory 

BSP-II promotes antibody production and cellular-mediated 
immune responses [8]. To further elucidate the mechanism of 
BSP-II activity, gene profiles altered by BSP-II treatment were 
examined using a microarray. Pathway and gene ontology 
analyses revealed the potential molecular mechanisms 
underlying the effects of BSP-II. Furthermore, it was observed 
that BSP-II reduced tumor cell proliferation and stimulated p53 
expression.

Materials and Methods

Cell lines
Hybridoma cells (1H5F9 strain, IgG1  subtype) were 

cultured with Roswell Park Memorial Institute (RPMI) 1640 
medium supplemented with 20% (v/v) heat-inactivated fetal 
bovine serum (FBS; Invitrogen, USA) at 37oC with 5% CO2. 
MCF-7 (3111C0001CCC000013) and HeLa (TCHu 19) tumor 
cells along with normal Vero (GNO10), PK15 (3115CNCB00260), 
MDBK (GNO7), and CEF (prepared from avian 9-day-old 
specific pathogen-free [SPF] embryos) cells were cultured in 
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Dulbecco’s modified Eagle’s medium (DMEM) supplemented 
with 10% (v/v) FBS at 37oC with 5% CO2.

Treatment of hybridoma cells 
Hybridoma cells (105 cells/mL) were incubated with or 

without BSP-II (from 0.01 g/mL to 5 g/mL) for 48 h. Cell 
viability was measured with a 3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assay (Sigma, USA). 
Antibody concentration in the culture supernatant was measured 
as previously described [9] using ELISA plates coated with 10 
g/mL JEV antigen.

Microarray profiles of BSP-II-treated hybridoma cells
Hybridoma cells were treated with or without 5 g/mL 

BSP-II for 4 h. Three independently generated populations of 
cells were used for these experiments. In brief, total RNA was 
harvested using TRIzol (Invitrogen) and an RNeasy kit 
(Qiagen, Germany) according to the manufacturers’ instructions. 
After the isolated RNA was quantified and underwent 
denaturing gel electrophoresis, the samples were amplified, 
labeled, and hybridized to a microarray (no. 14868; Agilent 
Technologies, USA). The microarray data reported herein have 
been deposited at the National Center for Biotechnology 
Information (NCBI) Gene Expression Omnibus (NCBI, USA) 
under the accession no. GSE27340.

Semi-quantitative RT-PCR analysis
Hybridoma cells were treated with BSP-II for 4 h. Semi- 

quantitative RT-PCR was performed using a One-Step SYBR 
PrimeScript kit (Takara Bio, China) following the manufacturer’s 
protocols with Ms4a2, Cd3d, Fgf21, Cd80, Ptprc, Nfatc4, 
IL2rb, Fas, and Lat.

Treatment of cell lines with BSP-II
MCF-7 and HeLa cells were added to 96-well flat-bottomed 

microtiter plates (2 × 105 cells/mL), and incubated with or 
without BSP-II (from 5 g/mL to 100 g/mL). In addition, 
MDBK, PK15, Vero, and CEF cells were treated with or 
without BSP-II at concentrations ranging from 0.4 g/mL to 
100 g/mL. After 48 h, cell proliferation was measured using an 
MTT-based method.

Cell transfection and in vitro luciferase assay
Vero cells were transfected with a p53-luciferase (p53-Luc) 

reporter plasmid encoding 14 tandem repeats of the p53 
consensus binding sites (Stratagene, USA) according to the 
manufacturer’s instructions. After 24 h, the transfected cells 
were treated with or without BSP-II (from 0.2 g/mL to 20 
g/mL) for approximately 24 h. Luciferase activity was 
measured according to the manufacturer’s protocol. Vero cells 
treated with doxorubicin (Dox; Sigma), which has been 
reported to induce p53 expression [10], were used as the 

positive control. Additionally, Vero cells were transfected for 
16 h to 24 h, treated with 20 M -pifithrin for 2 h, and then 
stimulated with or without BSP-II. Luciferase activity was then 
assayed 22 h later.

Western blot analysis
Vero cells were treated with or without BSP-II for 24 h. 

Positive control cells were treated with Dox. Cell proteins were 
collected and subjected to Western blotting as previously 
described [14] with anti-p53 monoclonal antibody (DO-1; 
Santa Cruz Biotechnology, USA), anti-Bax polyclonal 
antibody (N-20; Santa Cruz Biotechnology), and anti--actin 
monoclonal antibody (AC-15; Sigma).

Statistical analysis
Data were recorded as the mean ± standard deviation (SD). 

Biochemical and physiological parameters were analyzed using 
an ANOVA followed by Dunnett’s test with SPSS software 
(IBM, USA) to evaluate differences between groups.

Results

Impact of BSP-II treatment on hybridoma cells
In the current study, it was observed that BSP-II increased 

antibody production by hybridoma cells in a dose-dependent 
manner (panel A in Fig. 1). Furthermore, BSP-II significantly 
induced proliferation of the hybridoma cells (p ＜ 0.05; panel B 
in Fig. 1). 

Microarray profiles of BSP-II-treated hybridoma cells
The threshold used to screen for up- or downregulated genes 

was a fold change ≥ 1.5. Using microarray analysis, 707 
upregulated genes and 572 downregulated genes were 
identified after BSP-II treatment. Additionally, the pathway 
analysis revealed that five pathways were regulated following 
BSP-II administration (Table 1). 

Pathway analysis of gene expression profiles in BSP-II-treated 
hybridoma cells–T cell receptor signaling pathway

In this study, various genes whose products are involved in T 
cell receptor signaling pathway were downregulated in 
BSP-II-treated hybridoma cells (Table 1), including the linker 
for activation of T cells (Lat); nuclear factor of activated T cells, 
calcineurin-dependent, cytoplasmic 2 (Nfatc2) and 4 (Nfatc4); 
and Plcg1. The expression of Cblc, Cd247, CD3 antigen, Cd3d, 
Fyn, Nck2, and Ptprc was upregulated by BSP-II administration 
in the hybridoma cells (Table 1). 

Cytokine-cytokine receptor interaction
Various members of the tumor necrosis factor receptor 

superfamily activated by BSP-II are involved in cytokine-cytokine 
receptor interaction signaling (Table 1). Expression of TNF 
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Fig. 1. The impact of bursal septpeptide II (BSP-II) on hybridoma cells. (A) After incubation with the indicated concentrations of BSP-II
for 48 h, concentrations of antibody in secreted into the cell supernatant were measured with ELISA method. (B) Cell viability was also
measured with MTT assay. Bars represent the mean ± standard deviation (SD) of three independent experiments. *p ＜ 0.05 and **p
＜ 0.01 compared to the control.

receptor superfamily member 6 (Fas), tumor necrosis factor 
superfamily member 9 (Tnfsf9) which is ligand mediated TNF 
superfamily, Tnfrsf10b, Tnfrsf19, and member 14 (the herpesvirus 
entry mediator) was upregulated by BSP-II stimulation. In 
contrast, Tnfrsf8 was downregulated. Certain interleukin 
receptors, such as Il12rb2 and Il2rb, were also downregulated 
by BSP-II. These data indicated that BSP-II, which has been 
previously reported to function as an immunomodulatory factor 
in the humoral immune system [8], has diverse effects on 
cytokine immune responses.

Complement and coagulation cascades
Four complement genes were activated, including complement 

component 1, q subcomponent, C chain (C1qc); complement 
component 4B (C4b), coagulation factor II (F2), and coagulation 
factor II (thrombin) receptor (F2r). Moreover, the expression of 
bradykinin receptor, beta 1 (Bdkrb1); coagulation factor IX 
(F9), mannan-binding lectin serine peptidase 1 (Masp1); and 
serine (or cysteine) peptidase inhibitor, clade A, member 1D 
(Serpina1d) was inhibited in hybridoma cells by BSP-II 
treatment (Table 1).

Pathway in cancer 
Among the genes regulated by BSP-II according to the 

microarray analysis, the most dramatically affected were ones 
involved in pathway in cancer . Prominent among this group of 
activated genes were Csf1r, fibroblast growth factor 21 (Fgf21); 
and laminin, alpha 4 (Lama4). On the other hand, the expression 
of Janus kinase 1 (Jak1), mitogen-activated protein kinase 8 
(Mapk8), patched homolog 2 (Ptch2), and wingless-related 
mouse mammary tumor virus (MMTV) integration site 7B 
(Wnt7b) was repressed after BSP-II exposure (Table 1). 

Furthermore, Cblc and transcription factor 7, T-cell specific 
(Tcf7) were upregulated by BSP-II treatment, indicating a link 
between the avian humoral immune system and tumor 
development. The expression of cyclin-dependent kinase 
inhibitor 2A (Cdkn2a) and death associated protein kinase 1 
(Dapk1) was downregulated. Additionally, there were various 
fibroblast growth factors, including down-regulated fibroblast 
growth factor 14 (Fgf14) and Fgf8, and up-regulated Fgf21 and 
Vegfb. Ral guanine nucleotide dissociation stimulator (Ralgds) 
expression was induced after BSP-II treatment.

High-dose BSP-II inhibition of tumor cell proliferation
In this study, MCF-7 and HeLa cells were used to investigate 

the effect of BSP-II at concentrations ranging from 5 g/mL to 
100 g/mL on tumor cell proliferation. Results of the study 
showed that BSP-II reduced MCF-7 proliferation at 
concentrations of 10, 20, 50, and 100 g/mL in a dose-dependent 
manner (panel A in Fig. 2). HeLa cell proliferation was 
decreased by 4.75%, 18.1%, 25.5%, and 44.7% with 10, 20, 50, 
and 100 g/mL BSP-II, respectively (panel A in Fig. 2). 

Furthermore, the effects of BSP-II on the proliferation of four 
normal cell lines (MDBK, PK15, Vero, and CEF) were 
evaluated. The results showed that BSP-II increased MDBK 
and Vero cell viability in a dose-dependent manner (panel B in 
Fig. 2). However, no significant differences were observed in 
the viability of BSP-II-treated CEF and PK15 cells compared to 
the controls (panel B in Fig. 2). 

BSP-II enhancement of p53 activity and protein expression
To further understand the antitumor role of BSP-II, the 

activities of p53 were measured during BSP-II treatment. The 
results showed that luciferase activity was significantly 
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Table 1. Continued

Pathway Fold change

  Coagulation factor IX (F9) −1.582275
  Mannan-binding lectin serine peptidase 1 −1.723017
  Serine (or cysteine) peptidase inhibitor,

  clade A, member 1D (Serpina1d)
−1.527247

Primary bile acid biosynthesis
  Bile acid-Coenzyme A: amino acid N-acyl 

transferase (Baat)
+1.802003

  Cytochrome P450, family 46, subfamily a,
  polypeptide 1 (Cyp46a1)

−1.596755

  Cytochrome P450, family 7, subfamily a,
  polypeptide 1 (Cyp7a1)

−1.67373

Pathway in cancer
  Casitas B-lineage lymphoma c (Cblc) +1.507565
  Colony stimulating factor 1 receptor (Csf1r) +2.035464
    EGL nine homolog 3 (C. elegans) (Egln3) +1.709532
    Fas (TNF receptor superfamily member 6) 

(Fas)
+1.75348

  Fibroblast growth factor 21 (Fgf21) +1.927999
  Laminin, alpha 4 (Lama4) +1.931239
  Ral guanine nucleotide dissociation

  stimulator (Ralgds)
+1.654828

  Retinoid X receptor alpha (Rxra) +1.660449
  Solute carrier family 2 (facilitated glucose

  transporter), member 1 (Slc2a1)
+1.513392

  Transcription factor 7, T-cell specific (Tcf7) +1.618379
  Transforming growth factor, beta 2 (Tgfb2) +1.505368
  Translocated promoter region (Tpr) +1.671446
  Vascular endothelial growth factor B (Vegfb) +1.521577
  Breakpoint cluster region (Bcr) −1.664047
  Cyclin-dependent kinase inhibitor 2A

 (Cdkn2a)
−1.630215

    C-terminal binding protein 2 (Ctbp2) −1.632036
  Death associated protein kinase 1 (Dapk1) −1.639728
  Fibroblast growth factor 14 (Fgf14) −1.561034
  Fibroblast growth factor 8 (Fgf8) −1.686976
  Janus kinase 1 −1.808065
  Mitogen-activated protein kinase 8 (Mapk8) −1.84133
    ELP −1.827952
  Patched homolog 2 (Ptch2) −2.052535
  Wingless-related MMTV integration site 7B

  (Wnt7b)
−2.429411

The threshold used to screen for regulated genes was fold change ≥ 1.5. “+/
−” represent the appearance of up- (+) or downregulated (−) probe sets.

Table 1. Differentially regulated genes affected by BSP-II treatment

Pathway Fold change

T cell receptor signaling pathway
  Casitas B-lineage lymphoma c (Cblc) +1.5075651
    CD247 antigen (Cd247) +1.510564
    CD3 antigen, delta polypeptide (Cd3d) +1.6221969
  Discs, large homolog 1 (Drosophila) +1.5771784
  Fyn(T) (L-fyn(T)) +1.5968666
  Non-catalytic region of tyrosine kinase

  adaptor protein 2 (Nck2)
+1.6741942

  Protein tyrosine phosphatase, receptor type,
  C (Ptprc)

+1.5650402

  Linker for activation of T cells (Lat) −1.7337011
  Nuclear factor of activated T-cells, cytoplasmic,

  calcineurin-dependent 2 (Nfatc2) 
−1.551862

  Nuclear factor of activated T-cells, cytoplasmic,
  calcineurin-dependent 4 (Nfatc4) 

−1.6950588

    ELP −1.8279516
Cytokine-cytokine receptor interaction
  Bone morphogenetic protein receptor, type

  1A (Bmpr1a)
+2.445114

  Colony stimulating factor 1 receptor (Csf1r) +2.035464
  Ectodysplasin A2 receptor (Eda2r) +2.193651
  TNF receptor superfamily member 6 (Fas) +1.75348
  Leukemia inhibitory factor receptor (Lifr) +1.539682
  Lymphotoxin B (Ltb) +1.569855
  Lymphotoxin B receptor (Ltbr) +2.07673
  Transforming growth factor, beta 2 (Tgfb2) +1.505368
  Tumor necrosis factor receptor superfamily,

  member 10b (Tnfrsf10b)
+1.522601

  Tumor necrosis factor receptor superfamily,
  member 14

+1.992181

  Tumor necrosis factor receptor superfamily,
  member 19 (Tnfrsf19)

+1.633601

  Tumor necrosis factor (ligand) superfamily,
  member 9 (Tnfsf9)

+1.565067

  Vascular endothelial growth factor B (Vegfb) +1.521577
  Chemokine (C-C motif) receptor 3 (Ccr3) −2.191273
  Interleukin 12 receptor, beta 2 (Il12rb2) −1.529292
  Interleukin 2 receptor, beta chain (Il2rb) −1.610959
  Myeloproliferative leukemia virus oncogene

  (Mpl)
−1.58838

  Tumor necrosis factor receptor superfamily,
  member 8 (Tnfrsf8)

−1.518848

Complement and coagulation cascades
  Complement component 1,

  q subcomponent, C chain (C1qc)
+3.354869

  Complement component 4B (Childo blood
  group) (C4b)

+1.852466

  Coagulation factor II (F2) +1.848565
  Coagulation factor II (thrombin) receptor (F2r) +1.821039
  Bradykinin receptor, beta 1 (Bdkrb1) −1.506723

increased following BSP-II exposure compared to the untreated 
control (panel A in Fig. 3). However, the mRNA expression of 
p53 in BSP-II-treated Vero cells was not increased (not shown). 
To inhibit p53-luciferase activity, transfected Vero cells were 
treated with a specific p53 inhibitor, 20 M -pifithrin, for 2 h 
before BSP-II administration. The results showed that 
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Fig. 3. p53 transcription and protein expression after BSP-II treatment. Vero cells were transfected with p53 Luc and pRL-TK plasmid, 
and then cultured with or without BSP-II for 24 h. p53-luciferase activity levels were then measured (A). The transfected Vero cells were
also pre-incubated with α-pifithrin for 2 h, incubated with or without BSP-II (2 g/mL) for 22 h, and the level of p53-luciferase activity
was measured (B). Non-transfected Vero cells were cultured with or without BSP-II for 24 h, and Western blotting analysis was 
performed to detect p53 and Bax protein expressions (C). Transfected or non-transfected Vero cells were treated with Dox as a positive
control. Bars represent the mean ± SD of three independent experiments. *p ＜ 0.05 and **p ＜ 0.01 compared to the control. Dox:
doxorubicin.

Fig. 2. The antiproliferative effect of BSP-II on tumor cells. After 48 h of treatment with BSP-II, viability of tumor (A) and normal (B) cells
was evaluated with MTT assay, respectively. Bars represent the mean ± SD of three independent experiments. *p ＜ 0.05 and **p ＜
0.01 compared to the control. 

-pifithrin significantly inhibited p53-luciferase activity with 
or without BSP-II (panel B in Fig. 3), suggesting that -pifithrin 
might suppress BSP-II-induced p53 luciferase activity. 

To determine whether the upregulation of p53 expression was 
induced by BSP-II, p53 protein expression was examined 
following treatment with BSP-II at different concentrations. An 
increased level of p53 protein was detected with 20 g/mL 
BSP-II (panel C in Fig. 3). However, 0.2 g/mL BSP-II reduced 
p53 protein levels by 22%. Expression of the pro-apoptosis 
molecule Bax was also examined after BSP-II treatment. 

Western blotting analysis revealed that the level of Bax protein 
was increased in Vero cells incubated with 20 g/mL BSP-II 
(panel C in Fig. 3). However, the Bax protein expression was 
decreased by 19.5% in the presence of 0.2 g/mL of BSP-II 
compared to the control cells. 

Discussion

BF is the acknowledged central humoral immune organ in 
birds. It has been reported that bursal-derived BSP-II has 
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immunological regulatory effects on antibody production, 
cytokines levels, and T lymphocyte subtype composition [8]. 
However, the mechanism of BSP-II effects on the immune 
response is unclear. Therefore, hybridoma cells were used as an 
immunocyte model in this study to determine the potential 
molecular basis of BSP-II activity using microarray analysis. 
The pathway analysis demonstrated that BSP-II regulated the 
expression of various genes in hybridoma cells, including ones 
involved in cytokine-cytokine receptor interaction, T cell 
receptor signaling pathway, complement and coagulation 
cascades, pathway in cancer, and primary bile acid biosynthesis. 
These findings demonstrated that BSP-II could induce the 
activation of different cellular signal pathways, resulting in 
various immune consequences. 

BSP-II is reported to promote the modification of T cell 
subtypes [8]. In the current study, various genes affected by 
BSP-II were involved in T cell receptor signaling pathways. 
Optimal T cell activation requires Ca2+-calcineurin-nuclear 
factor of activated T cells (NFAT) signaling along with Fyn 
expression and tyrosine phosphorylation [22]. NFAT expression 
was downregulated after BSP-II treatment, which might cause 
a suppression of Ca2+-induced responsiveness in T cells. Lat is 
a transmembrane adaptor protein that plays an essential role in 
TCR-mediated signaling and thymocyte development [19]. 
Interestingly, BSP-II enhanced the expression of Cblc, Fyn, 
Ptprc, and Nck2 in hybridoma cells. Our current findings 
suggested that BSP-II might alter T cell responsiveness by 
necessarily mutual activities of calmodulin and tyrosine 
phosphatase/kinase-related factors. Therefore, data from our 
investigation indicated the potential molecular basis of 
BSP-II-mediated effects on TCR signaling and T cell 
activation.

It has been reported that BSP-II induces the productions of 
Th1 type (IFN-) and Th2 type (IL-4) cytokines [8], indicating 
a potential impact of BSP-II on cytokine-related signal 
activation. In the current study, it was observed that 18 
differentially expressed genes after BSP-II treatment were 
involved in cytokine-cytokine receptor interactions, including 
various members of the TNF receptor superfamily that participate 
the regulation of immune and inflammatory responses [3]. T 
helper (Th) cells are at the center of an important communication 
loop in which IL-2/IL-2r and bioactive IL-12 play a central role 
[23]. Regulation of the Interleukin (IL)-12rb2 subunit 
expression might play a role in developing T helper 1 (Th1) and 
Th2 cells [21]. It was observed that Il12rb2 was downregulated 
after BSP-II treatment. These findings indicate potential 
molecular signals by which BSP-II induced the production of 
different types of cytokines.

The activation of signaling cascades essential for the immune 
response is partially achieved through the coordinated activities 
of complement components and coagulation factors including 
C1qc, C4b, F2, F2r, and F9. The complement system is an 

essential component of innate immunity that participates in the 
pathogenesis of inflammatory diseases and host defense. 
Therefore, regulation of the immune response through alterations 
in complement and coagulation signaling caused by BSP-II 
provides novel insight into factors involved in the avian 
humoral immune system. 

Low-dose BSP-II has been reported to stimulate the 
proliferation of HeLa and SP2/0 cells [8]. In the current study, 
it was observed that high doses of BSP-II (from 10 g/mL to 
100 g/mL) inhibited HeLa and MCF-7 cell proliferation. 
BSP-II differently regulates the proliferation of cancer and 
normal cells, suggesting that this factor has potentially selective 
antiproliferation effects on tumor cells at experimental 
concentrations. The expression patterns of genes involved in 
cancer-associated pathways were observed with the microarray 
analysis. The competitive interaction between tumors and the 
immune system is very complex [20]. BF is the organ 
responsible for B cell differentiation in birds [6]. Therefore, 
data showing the effect of bursal-derived BSP-II on cancer-related 
pathways in hybridoma cells might give important insight into 
the relationship between the humoral immune system and 
antitumor immunity.

One of the most important tumor suppressor proteins, p53, 
plays a crucial role in the induction of apoptosis following DNA 
damage [4]. To further understand the antitumor role of BSP-II, 
the activities of p53 were assessed during BSP-II treatment. 
Data showed that BSP-II activated p53-luciferase activity, and 
enhanced p53 and Bax expression. Bax (Bcl-2-associated X 
protein) is a pro-apoptotic protein [11,15]. Bcl-2 prolongs cell 
survival after Bax-induced release of cytochrome c [17]. The 
ratio of Bcl-2 to Bax determines cell fate following pro-apoptotic 
stimulation [12]. Although BSP-II could enhance Bax expression, 
the effects of BSP-II on Bcl-2 and caspase proteins are unclear, 
and will be studied in the future. Upregulated levels of DAPK, 
a Ca2+/calmodulin-regulated serine/threonine kinase that 
positively regulates intracellular signaling pathways important 
for various types of apoptotic cell death [2], affected cancer- 
related pathways after BSP-II treatment. These results suggested 
that the bursal-derived factor might participate in the tumor 
development. 

In conclusion, our data have provided novel insights into the 
role of BSP-II. This factor appears to influence potential 
mechanisms of the humoral immune system and antitumor 
activities. Findings from this investigation about the molecular 
cascade that underlies the effects of the humoral immune 
system may help the development of immunotherapeutic 
strategies for treating tumors in humans.
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