84

http://dx.doi.org/10.4110/in.2012.12.3.84

ORIGINAL ARTICLE

Immune Network

pISSN 1598-2629  elSSN 2092-6685

Lactoferrin Stimulates Mouse Macrophage to Express BAFF via

Smad3 Pathway

HeynKeyung Chang], Bo-Ra ]inl, Young-Saeng ](mgl, Woan-Sub Kim® and Pyeung-Hyeun Kim'"*

1Department of Molecular Bioscience, College of Biomedical Science, Kangwon National University, Chuncheon 200-701, *Division of
Animal Life and Environmental Science, College of Agriculture and Life Science, Hankyong National University, Anseong 456-749, Korea

B cell-activating factor belonging to the TNF family (BAFF) is
primarily expressed by macrophages and stimulates B cell
proliferation, differentiation, survival, and Ig production. In
this study, we explored the effect of lactoferrin (LF) on BAFF
expression by murine macrophages. We determined the level
of BAFF expression at the transcriptional and protein levels
using RT-PCR and ELISA, respectively. LF markedly en-
hanced BAFF expression in mouse macrophages at both the
transcriptional and protein levels. Overexpression of Smad3/4
further increased LF-induced BAFF transcription while
DN-Smad3 abolished the LF-induced BAFF expression.
These results demonstrate that LF can enhance BAFF ex-
pression through Smad3/4 pathway.

[Immune Network 2012;12(3):84-88]

INTRODUCTION

Lactoferrin (LF), an 80 kDa glycoprotein and a member of
a transferrin family, is secreted from many mucosal epithelial
cells and neutrophils during inflammation (1), It is a key fac-
tor in the host defense system (2,3). Although the mecha-
nisms of LF has not been fully elucidated, there are evidences
that LF directly affects antigen presenting cells (APCs) in acti-
vation, migration and inflammation (4,5).

APCs such as macrophages and dendritic cells (DCs) di-
rectly enhances B cells proliferation and differentiation (6-8).
BAFF, known as THANK, BLYS, TALL-1 and ZTNF4, belongs

to the TNF family and is derived from APCs, It plays an im-
portant role in B cell survival, maturation, and Ig class switch-
ing recombination (CSR) (9-11), Nevertheless, it is unknown
if LF modulates macrophages to express BAFF, which in turn
has effect on B cells.

In this study, we explored the effect of LF on BAFF ex-
pression by mouse macrophages to ask if LF indirectly regu-
lates B cell differentiation by influencing macrophages. We
found that LF can stimulate macrophages to express BAFF
through the Smad3/4 pathway.

MATERIALS AND METHODS

Reagents
Bovine lactoferrin was supplied by Morinaga Milk Co., Ltd.

(Zama, Japan), and anti-bovine LF antiserum was purchased
from Bethyl laboratories, Inc. (Montgomery, TX, USA). Re-
combinant human TGF- 81, pan specific anti-TGF- £ Ab, and
anti-mouse BAFF Ab were purchased from R&D Systems
(Minneapolis, MN, USA), ABTS was obtained from Sigma
Chemical Co, (St, Louis, MO, USA),

Mice

BALB/c mice were purchased from Orient Co. Ltd (Gyeonggi-
do, Korea), They were maintained on an 8:16-h light:dark cy-
cle in an animal environmental control chamber (Daehan
Biolink, Co., Incheon, Korea), Animals were fed Purina
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Laboratory Rodent Chow 5001 ad libitum. Eight- to twelve-
week-old mice were used in this study. We followed the ani-
mal care of the institutional guidelines of Kangwon National

University.

Culture of macrophages

Murine macrophage cell line RAW264.7 was purchased from
ATCC (Manassas, VA, USA) and cultured in Dulbecco’s modi-
fied Eagle’s medium (2 mM L-glutamine; 100 U/ml penicillin;
100 £g/ml  streptomycin) plus 10% fetal bovine serum
(HyClone Labs, Logan, UT, USA) in a humidified CO,
incubator, To prepare peritoneal macrophages, mice were in-
jected with 3 ml of 4% thioglycolate broth in PBS intra-
peritoneally. After 72 h, peritoneal cells were harvested by
peritoneal lavage with PBS containing 2% FBS, washed twice
with warmed HBSS, resuspended in 10% FBS-DMEM, and dis-
pensed in 100-mm culture dishes, Cells were incubated in a
CO, incubator for 2 h at 37°C, and adherent cells were used

as peritoneal macrophages.

Cell viability assay

The cell viability after treatment with LF was measured by
Cell Counting Kit-8 (CCK-8) reagent (Dojindo Laboratories,
Tabaru, Japan). RAW2064.7 cells were suspended at a final
concentration of 1x10" cells/well and cultured in 96-well
microplate, After exposure to LF for different periods of time
(0, 12, 24, 48 h), CCK-8 (10 x£1) was added to each well of
96-well microplate and the plate was incubated for 1 h at
37°C. Viable cells were counted by absorbance measurements
at 450 nm using a VERSAmax ELISA reader (Molecular
Devices, Sunnyvale, CA, USA). The viable cell number was
determined using the absorbance value of a previously pre-
pared calibration curve. All experiments were performed in

triplicate on three separate occasions,

RNA preparation and RT-PCR

RNA preparation, reverse transcription, and PCR were per-
formed as described before (12). PCR primers were synthe-
sized by Bioneer Corp. (Seoul, Korea). The primers for
mouse BAFF were forward primer 5'-GCC GCC ATT CTC AAC
ATG AT-3' and reverse primer 5'-TTA GGG CAC CAA AGA
AGG TG-3' (product size: 468, 409 bp). All reagents for
RT-PCR were purchased from Promega (Madison, WI, USA),
BAFF products were amplified 28 cycles and resolved by
electrophoresis on 1.5% agarose gels, PCR was also per-

formed with [ -actin to allow for normalization of ¢cDNA con-

Lactoferrin Induces M¢-BAFF
HeynKeyung Chang, et al.

centrations in each set of samples. Band intensities were
quantified using KODAG GL 100 Image system (Biostep
GmbH, Meinersdorfer, Germany),

ELISA for mouse BAFF

BAFF retained in culture supernatants was detected by ELISA,
Anti-mouse BAFF Ab (2 z£g/ml) in bicarbonate buffer (pH
9.3) was added to 96 well microplates, After incubation over-
night at 4°C, the plates were washed and blocked with 1%
gelatin for 1 h, Supernatant samples (50 #£1) or recombinant
mouse BAFF (200 ng/ml) diluted in 0,5% gelatin were added
to the wells, After incubation for 1 h at 37°C, the plates were
washed again, and 2 z£g/ml monoclonal anti-mouse BAFF Ab
was added for 1 h at 37°C. Then, the plates were washed
and incubated with goat anti-rat IgG-HRPO (1 : 500) for 1 h,
After washing, 0.2 mM ABTS was added to the wells, and
10 min later, the colorimetric reaction was measured at 405
nm with a VERSAmax ELISA reader.

Plasmids and transfection
Mammalian expression vectors, Smad3 and Smad4 were gen-
erously provided by Dr, Masahiro Kawabata (13). The DN-
Smad3 plasmid was provided by Dr, M. Kato (Department
of Biochemistry, The Cancer Institute, Tokyo, Japan) (14).
RAW264.7 cells were transfected using FuGeneHD accord-
ing to the manufacturer's protocol (Promega Corp., Madison,
WI, USA).

RESULTS AND DISCUSSION

Effect of Latoferrin on BAFF expression by mouse mac-
rophages

It is well known that macrophage has influence on B cell re-
sponse, activation and differentiation directly (8). In partic-
ular, BAFF is believed to be the most important macro-
phage-derived B cell-activating factor (6). We have previously
shown that TGF- 41 stimulate mouse macrophage to express
BAFF (15). Though LF has immuno-modulatory effects on
macrophage (5), it is not known if the action of LF on macro-
phages is linked to B cell activation and differentiation. To
test the possibility that LF regulates BAFF expression in
mouse macrophages, we examined the effect of LF on BAFF
expression, First, LF increased BAFF transcription in the
mouse peritoneal macrophages and sixty microgram per milli-
liter was optimal (Fig. 1A). We next examined the effect of
LF on BAFF expression at the protein level, As shown Fig.
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A Mouse peritoneal Macrophage
LF - 15 30 60 90

BAFF

BAFF (ng/ml)
3

Foldl. (1.0) 342 54 782 69 64

c Raw 264.7
LF - 15 30 60 90

BAFF

Foldl. (1.0) 2.0 3.7 3.4 3.0 4.3

B-actin

120 (png/ml)

B

0 3 6 12 24 48 48(h)

120 (ng/ml) LF + + + + + + =

40 198 158 117 038

(1.0) 21

Figure 1. LF stimulates mouse macrophages to express BAFF. (A) Effect of LF on BAFF transcriptional levels in peritoneal mouse macrophages.
Freshly isolated mouse peritoneal macrophages were incubated with indicated dose of LF for 24 h. BAFF mRNA levels were determined by
RT-PCR. (B) Effect of LF on the expression of BAFF at the protein level. Macrophages were treated with LF (60 /2g/ml) for 48 h and the secreting
form of BAFF was measured by ELISA. (O) Effect of LF on BAFF transcriptional level in mouse macrophages. RAW264.7 cells (mouse macrophage
cell line) were treated with indicated dose of LF for 24 h (left panel). LF (60 z£g/ml) was added to the cell cultures for the indicated times (right
panel). BAFF mRNA levels were determined by RT-PCR. Fold increase (Fold I.) values represent relative amounts of BAFF cDNA normalized
to the expression of S-actin cDNA using Kodak Molecular Imaging software.

1B, LF increased the secretion of BAFF protein in mouse peri-
toneal macrophages. Consistently, LF also induced BAFF tran-
scription in a macrophage cell line, RAW 264.7 and BAFF
transcripts was detectable 12 h at the earliest after stimulation
(Fig. 1C). These results clearly show that LF stimulates mouse

macrophage to express BAFF.

Effect of LF on cell viability in mouse macrophage
cell line

We asked whether LF-induced BAFF expression was related
to cell viability, Cell numbers were virtually the same in the
presence and absence of LF, LF increased viable cell number
by 20% at 24 h after incubation (Fig. 2). These results indicate
that the increase of BAFF by LF is not attributed to its effect

on cell proliferation,

LF is not contaminated with TGF- 8 and acts without
induction of TGF- 8

To evaluate the purity of LF used in this study, we first exam-
ined it by using anti-bovine LF Ab. As shown in Fig. 3A, goat
anti-LF antiserum completely abrogated the LF-induced BAFF
transcription, whereas normal goat serum had no effect.
These results indicate that LF is not contaminated at all. LF
used in this study was extracted from bovine milk. It is well

60000
50000
40000 -
30000
20000 -

Cell Number (cells)

10000

0 1 1 |
0 12 24 48 (h)

Figure 2. LF has marginal effect on the proliferation of macrophages.
RAW264.7 cells were incubated with LF (60 /2g/ml) for indicated
times. Cell proliferation was assessed using a cell counting kit 8. The
viable cell number was determined based on OD values measured
for standard curve. Data are means of triplicate samples+SEM.

known that TGF- 8 is abundant in the milk, In addition, we
have previously shown that TGF- 81 stimulates mouse mac-
rophage to express BAFF (15), Thus, it was necessary to ex-
amine if TGF- 8 is involved in LF-induced BAFF expression,
We have treated LF with anti-TGF- 8 Ab before and after
adding it to the cultures, We found that anti-TGF 8 Ab did
not inhibit the LF-induced BAFF expression (Fig. 3B). These
results suggest that LF was neither contaminated with TGF- 8
nor acted via TGF- 8,
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A LF - + + + B LF - + + - -
Anti-LF Ab - - + - TGF-B - - - + +
Al control Anti-TGF-BAb -
Foldl. (1.0) 5.9
Foldl. (1.0) 26

Figure 3. LF in itself stimulates macrophages to express BAFF. (A) LF (60 «g/ml) was pre-treated with anti-LF antiserum (diluted to 1 :
1 h and added to RAW264.7 cells, incubated for 18 h. Levels of BAFF transcription were determined by RT-PCR. (B) LF (60 «g/ml),

8) for
TGF-8

(1 ng/ml) and pan anti-TGF-3 Ab (5 £g/ml) were added to RAW264.7 cell and incubated for 18 h. Before addition of LF to culture, LF was
pre-treated with anti-TGF-8 Ab for 1 h. Levels of BAFF transcripts were determined by RT-PCR.

A B
LF - + 4+ . .
Smad3/4 - . + = + LF
TGF-B ) DN-Smad3

Foldl. (1.0) 3.52 5.26 5.98 9.47

Involvement of Smad3 and Smad4 in LF-induced
BAFF expression
In the previous study, we have demonstrated that Smad3 and
Smad4 are critical mediators of TGF f 1-induced BAFF ex-
pression in mouse macrophages (15). Since LF is also known
to activate Smad pathway (16), we were interested in the in-
volvement of Smad pathway in LF-induced BAFF expression,
Overexpression of Smad3 and Smad4 significantly increased
LF-induced BAFF transcription (Fig. 4A), whereas overex-
pression of dominant negative Smad3 (DN-Smad3) com-
pletely abolished its effect (Fig. 4B). These results are largely
consistent with our early finding that TGF-# induces BAFF
in such cell line (15), Therefore, these results demonstrate
that LF also induces BAFF expression via Smad3 and Smad4
pathway., We are currently examining the mechnaisms by
which Smads mediate LF-inducible BAFF expression in mouse
macrophages,

In conclusion, our in vitro studies raise the possibility that
lactoferrin cause macrophages to produce BAFF and so have

an important effect on Ig isotype switching in vivo.

Fold I. (1.0)

= + = +

Figure 4. LF enhances BAFF ex-
pression through Smad3 pathway.
RAW264.7 cells (1x10% were trans-
fected with Smad3/Smad4 (each 1
1£8) (A) and DN-Smad3 expression
vector (10g) (B) for 24 h and
stimulated with LF (60 /2g/ml) for 18
h. Levels of BAFF transcripts were
determined by RT-PCR.

281 0.24 0.97
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