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Summary

B cell-activating factor belonging to the TNF family (BAFF, also called BLyS, TALL-1, zZTNF-4, or THANK) is an
important survival factor for B lymphocytes. In this study, we injected mouse abdominal cavity with human soluble
BAFF (hsBAFF, 0.01, 0.1, 0.5, 2 mg/kg body mass) synthesized in Escherichia coli. On the 8th day after injection, we
investigated the effects of hsBAFF on immune functional activities of splenic B lymphocytes, CD4" and CDS8"
T lymphocytes and natural killer (NK) cells in mice. The results showed that B lymphocyte proliferation significantly
increased in hsBAFF-treated groups with dosages of 0.1 mg/kg (p<0.05), 0.5 and 2 mg/kg (p<0.01). We observed a
dose-dependent increase of CD4" T lymphocyte percentage and significantly higher values in 0.5 and 2 mg/kg hsBAFF-
treated groups (p<0.05 and p<0.001, respectively) compared to control group, but CD8" T lymphocyte percentage
remained unchanged. The ratio of CD4" to CD8" T lymphocytes rose with increasing hsBAFF dosage (p<0.05 for 2
mg/kg hsBAFF vs. control). Significantly stronger NK cell activities were found in 0.5 and 2 mg/kg hsBAFF-treated
groups (p<0.05). The main finding of this study is that the hsBAFF can enhance immune responses in the body by
increasing B lymphocyte and CD4" T lymphocyte function as well as elevating NK cell activity.
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et al. 1999). BAFF promotes survival and differentiation

B cell-activating factor belonging to TNF family
(BAFF), also known as BLyS, TALL-1, THANK,
TNFSF13B or zZTNF4, is synthesized as a 285-amino acid
membrane protein and exists in both membrane and
cleaved 152-amino acid soluble forms (Schneider et al.

of the B lymphocytes in vitro and has recently emerged
as a key regulator of peripheral B lymphocyte
populations in vivo (Moore et al. 1999, Shu et al. 1999).
BAFF also stimulates the production of specific antibody
responses to both T-independent (TI) and T-dependent
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(TD) antigens (Do et al. 2000). Studies on BAFF
transgenic (BAFF-Tg) and BAFF-deficient mice have
displayed a certain role that BAFF may play in therapy of
autoimmunity and immunodeficiency syndromes (Groom
et al. 2002). Such findings demonstrate that BAFF may
play a critical role in regulating B lymphocyte immune
responses (Harless and Cancro 2003). In addition, some
studies indicate that BAFF has a wide function on T
lymphocyte responses in vitro (Huard et al. 2001), but the
functional changes on both CD4" and CD8" subsets in
vivo by BAFF remain to be ambiguous. Natural killer
(NK)

lymphocytes that do not express the set of surface

cells are a population of large, granular
markers of B or T lymphocytes. These cells have been
implicated to play important roles in viral immunity and
in defense against tumors, and they represent the "first
line of defense" in the body (Hercend and Schmidt 1988,
Trinchieri 1989, Ravetch and Lanier 2000). Although the
studies on BAFF have become more comprehensive, few
of them described the effects on NK cells, which are also
important lymphoid cells.

Human soluble B cell-activating factor
belonging to the TNF family (hsBAFF), a recombinant
form of the extracelluar domain of the BAFF, is
expressed in Escherichia coli BL21 (DE3) by the
constructed recombinant plasmid pET30a(+)-hsBAFF
(Cao et al. 2005). We have demonstrated that the final
purified material was biologically active in a validated
induced human B lymphocyte proliferation bioassay (Cao
et al. 2005). The aim of this study was to further evaluate
effects of hsBAFF on immune function activities of
splenic B lymphocytes, CD4" and CD8" T lymphocytes
and natural killer cells in mice in order to understand the
role of hsBAFF on enhancing immune responses in the
body.

Methods

Reagents

Anti-CD19 fluorobeads-B was obtained from
One Lambda (Canoga Park, CA, USA).
monoclonal antibodies (mAbs) of FITC-conjugated anti-
CD4 and R-PE-conjugated anti-CD8a were from BD
PharMingen (San Jose, CA, USA). RPMI 1640 Medium
MD, USA). 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium  bromide
(MTT) and paraformaldehyde were from Sigma
Chemical Co. (St. Louis, MO, USA). Neonatal cattle
serum (NCS) was purchased from Hangzhou Sijiqing Co.

Mouse

was from Gibco (Rockville,

(Hangzhou, P.R. China). Other chemicals were purchased
from local commercial sources and were of analytical
grade quality.

Preparation of recombinant hsBAFF protein

Briefly, the constructed recombinant plasmid
pET30a(+)-hsBAFF was transformed into competent
Escherichia coli BL21 (DE3). The bacteria were cultured
in a LB medium to a density of OD600 = 0.6, and then
induced for the expression of the recombinant protein
via isopropyl-B-D-thiogalacto-pyranoside (IPTG). After
induction, the resulting insoluble bodies were separated
from cellular debris by centrifugation and solubilized
with 8 M urea. Then, a rapid and simple on-column
refolding procedure was developed. This was applied and
then the refolded hsBAFF was purified by an anion-
exchange. The purified final product was > 98 % pure by
SDS-PAGE stained with Coomassie brilliant blue R-250.
The renatured protein displayed its immunoreactivity
with antibodies to BAFF protein by Western blotting.
The expression and in vitro refolding of hsBAFF resulted
in the production of an active substance in a yield of
15 mg/1 flask cultivation (Cao et al. 2005).

Animals

Forty ICR mice, half males-half females,
weighing 33.54 + 0.62 g, were obtained from Laboratory
Animal Center of Nanjing Medical University, Nanjing,
China. The mice were housed at room temperature
(20-25 °C) in a 12 h-light and night cycle. Free access to
water and food was allowed during the experimental
period. All mice were randomly divided into five groups:
normal control group (n=8) and four hsBAFF treatment
groups (n=8 each). The mice in four hsBAFF treatment
groups were given an intraperitoneal injection of hsBAFF
solution which was diluted with phosphate buffered
saline (PBS, pH 7.4) at dosage of 0.01, 0.1, 0.5, 2 mg/kg
body weight once a day for eight days, respectively. Mice
in the control group received an intraperitoneal injection
of PBS at the same dose and time interval.

Isolation of splenic cells

On the 8th day post injection with hsBAFF,
animals from each group were sacrificed by cervical
dislocation to collect spleens under sterile conditions.
Spleens were minced with dissecting scissors into pieces,
followed by further grinding and filtering through
sterilized nylon membranes and washed in Hank’s
solution (pH 7.2) by two centrifugations at 1500 rpm for
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5 min after erythrocytes had been dissolved with a 0.85 %
ammonium chloride solution. The isolated cells were
fresh splenic cells.

Assay for B lymphocyte proliferation

B lymphocytes were isolated from splenic cell
suspensions by  anti-CD19  FluoroBeads, then
resuspended and diluted to 1x10° cells/ml in RPMI 1640
10% NCS and 100 U/ml
penicillin/streptomycin. Freshly isolated B lymphocytes

medium containing
were seeded at 0.1 ml/well in a flat-bottomed plate with
96 wells and incubated for 72 h at 37 °C with 5 % CO,
humidified air. Then, 0.01 ml (5 mg/ml) of MTT reagent
was added into each well and incubated for 4 h. After
incubation, the incubation precipitates were dissolved
with 0.1 ml of SDS. The optical density (OD) value was
measured by spectrophotometry at 570 nm using an
ELx800 Microplate Reader (Bio-Tek Instruments, Inc.
Winooski, Vermont, USA).

Flow cytometry of T lymphocyte sorting

One hundred pl suspension samples containing
freshly isolated splenic cells which were resuspended at a
density of more than 2x10° cells/ml with PBS were
incubated with mAbs of 1 pg FITC-conjugated anti-CD4
and 1 pg R-PE-conjugated anti-CD8a in the dark for
30 min at 4 [J, and then washed 3 times with PBS and
resuspended in 300 pl of 1% paraformaldehyde for
inactivation. The antibodies were replaced by PBS as
negative controls. All samples were analyzed for
detecting distributions of CD4" and CDS8" subsets under a
fluorescence-activated cell sorter (FACS) Vantage SE
flow cytometer (Becton Dickinson, California, USA).
Usually, 20 000 events for each sample were acquired.

Measurement of NK cell activity

The spleen NK cell activity was determined by
the release of lactate dehydrogenase (LDH). Firstly,
freshly isolated splenic cells were resuspended and
diluted to 1x10" cells/ml in RPMI 1640 medium
supplemented with 10 % NCS and 100 U/ml penicillin/
streptomycin to use as NK cell suspensions. Secondly,
the SP20 myeloma cells were diluted to 1x10° cells/ml in
the same medium as target cell suspensions. Thirdly, NK
cell and SP20 cell suspensions were added at 0.1 ml/well
according to ratio of 1:1 in a flat-bottomed plate with
96 wells and incubated for 2 h at 37 °C with 5 % CO,
humidified air. In the meantime, the maximum LDH
release was determined from the supernatant when target

SP20 cells were lysed by adding 0.1 ml Triton X-100.
Spontaneous release of LDH by SP20 cells was assessed
by incubating the SP20 cells in the absence of effector
cells. The activity of LDH was assayed according to the
enzyme-substrate reaction (Lv and Li 2002). Thereafter,
the reaction was terminated by citric acid. The OD value
was measured spectrophotometrically at 570 nm. Splenic
NK cell activity was expressed as follows:

NK cell activity (%) = (experimental group’s OD — spontaneous
LDH release group’s OD)/(maximum LDH release group’s OD
— spontaneous LDH release group’s OD).

Statistical analysis

Results were expressed as mean += S.E.M.
Statistical analysis was performed by Student’s t-test
(STATISTICA, Statsoft Inc, USA) on a
conventional personal computer.

Tulsa,

Results

Effect of hsBAFF on splenic B cell proliferation in mice

As shown in Figure 1, proliferation of splenic B
lymphocytes increased in mice after hsBAFF treatment
and showed a dose-dependent effect at 0.01-2 mg/kg of
hsBAFF. Significantly higher values were observed in
hsBAFF-treated groups with dosages of 0.1 mg/kg
(p<0.05), 0.5 and 2 mg/kg (p<0.01) compared to that in
the control group.
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Fig. 1. Change of splenic B lymphocyte proliferation in
mice after hsBAFF treatment. B lymphocytes of splenic cells
in mice from each group were isolated by anti-CD19 FluoroBeads.
B lymphocyte proliferation was evaluated using an MTT assay.
Results are presented as mean = S.E.M. * p<0.05, ** p<0.01
(student’s t-test). hsBAFF treatment groups vs. control group.
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Fig. 2. Changes of splenic CD4* and CD8* subsets in mice after hsBAFF treatment. (a): T lymphocytes of splenic cells in mice
from each group were sorted with two mAbs of FITC-conjugated anti-CD4 and R-PE-conjugated anti-CD8a and analyzed using flow
cytometry. Gates R1 (CD8*) and R2 (CD4*) were indicated in each plot. (b): Changes of CD4* T lymphocytes (%). (c): Changes of CD8*
T cells (%). (d): Changes of ratio of CD4* to CD8" T lymphocytes. Results are presented as mean + S.E.M. * p<0.05, *** p<0.001

(Student'’s t-test). hsBAFF treatment groups vs. control group.

Effects of hsBAFF on CD4" and CD8" T lymphocytes in
mice

To understand the immunity of T lymphocytes in
mice after hsBAFF treatment, two-color mAbs, which are
able to distinguish both CD4" and CDS8" T lymphocytes,
were used to detect distributions of CD4" and CDS8"
subsets under a flow cytometry. As demonstrated in
Figure 2a, cells gated R1 appeared to be CDS8"
T lymphocytes and those gated R2 were CD4" T
lymphocytes. On the 8th day after hsBAFF injection, a
dose-dependent increase of CD4" T lymphocytes (%) and
significantly higher changes in 0.5 and 2 mg/kg hsBAFF-
treated groups (p<0.05 and p<0.001, respectively) were
observed compared to that in the control group (Fig. 2b),
but the CD8" T lymphocytes (%) remained unchanged
(Fig. 2¢). The ratio of CD4" to CD8" T lymphocytes rose
with the increased hsBAFF dosage and was significantly
higher in the 2 mg/kg hsBAFF group than in the control
group (p<0.05, Fig. 2d).

Effect of hsBAFF on NK cell activity in mice
Figure 3 showed that NK cell activities in 0.01

mg/kg hsBAFF-treated mice were similar to those in
control animals, but a dose-dependent increase of
stronger NK activities with the elevation of hsBAFF
dosages was found and significantly higher activities
(p<0.05) occurred in 0.5 and 2 mg/kg hsBAFF groups
compared to the control group.

Discussion

this that hsBAFF
synthesized in Escherichia coli increased proliferation of

In study, we showed
splenic B lymphocytes in vivo with a dose-dependent
effect at 0.01-2 mg/kg (p<0.05 for 0.1 mg/kg hsBAFF vs.
control; p<0.01 for 0.5 and 2 mg/kg hsBAFF vs. control).
The finding is consistent with previous reports that
soluble forms of BAFF are biologically active in
promoting proliferation of B lymphocytes in vitro and
in vivo (Moore et al. 1999, Shu et al. 1999), indicating
that administration of hsBAFF to mice results in an
elevated B lymphocyte function. Recently, some data
suggest that BAFF deficiency or overexpression create a

state of immune imbalance that leads to a breakdown in
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tolerance and autoimmunity (Baker 2004, Liu et al.
2003). BAFF gene knockout further reveals that BAFF is
required for normal B lymphocyte development
(Thompson et al. 2000, Rahman et al. 2003). Taken
together, such results demonstrate that BAFF plays a
critical role in regulating immune responses (Shu et al.
1999, Harless and Cancro 2003).
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Fig. 3. Change of splenic NK cell activity in mice after
hsBAFF treatment. Splenic cells in mice from each group were
diluted to 1x107 cells/ml to use as NK cell suspensions. The SP20
myeloma cells were diluted to 1x10° cells/ml as target cell
suspensions. NK cell and SP20 cell suspensions were added
together according to ratio of 1:1 and incubated for 2 h. NK cell
activity was determined via the release of lactate dehydrogenase
(LDH). Results are presented as mean + S.E.M. * p<0.05
(Student’s t-test). hsBAFF treatment groups vs. control group.

During an early period after BAFF discovery,
many investigators considered that BAFF had no effect
on T lymphocytes but only on B lymphocytes. However,
recent studies have revealed that BAFF is able to regulate
T lymphocyte activation (von Bulow and Bram 1997, Xia
et al. 2000, Huard et al. 2001). Xia et al. (2000) found
that both CD4" and CDS" T lymphocytes of BAFF
transgenic mice are activated in the spleen, although the
total number of splenic T lymphocytes shows no increase.
of the
percentages of CD4" T lymphocytes (p<0.05 for
0.5 mg/kg hsBAFF vs. control; p<0.001 for 2 mg/kg
hsBAFF vs. control) in hsBAFF-treated mice (0.1-2
mg/kg), but the CD8" T lymphocyte percentages

We observed a dose-dependent increase

remained almost unchanged. Taking these findings into
account, hsBAFF may induce and increase immune
of helper T Iymphocytes (TH cells).
T lymphocytes displaying CD4 generally function as TH

function

cells, whereas those displaying CD8" generally function
as cytotoxic T lymphocytes (TC cells) (Kuby 1994).
Proper lymphocyte homeostasis is critical for normal
immune function and is maintained by a complex series
of cellular interactions and the action of secreted
cytokines (Zamorano et al. 2001). The ratio of TH to TC
cells in the body is approximately stable and can be
approximated by assaying the number of CD4" and CD8"
T lymphocytes. We showed that the ratio of CD4" to
CD8" T lymphocytes rose with an increasing dosage from
0.1 to 2 mg/kg (p<0.05 for 2 mg/kg hsBAFF vs. control)
in hsBAFF-treated mice, suggesting that hsBAFF plays
an important action in upregulating TH cell immune
responses. The CD4" T lymphocytes can polarize towards
helper T 1 (THI) or helper T 2 (TH2) cells, which
produce different sets of cytokines for instance
interferon-y (IFN-y) or interleukin-4 (IL-4), IL-5, and
IL-13, respectively. They provide protection against
intracellular or extracellular pathogens (Li et al. 2000).
The secreted cytokines play an important role in
activating B lymphocytes, TC cells, macrophages, and
various other cells that participate in the immune
2003). The CDS8’
T lymphocytes differentiate into TC cells capable of

response (Mills and Cambier
killing virus-infected cells. Ossendorp et al. (2000)
clarified that CD4" T lymphocytes generated by an
immunity reaction can enhance the antitumor efficacy
induced by CD8" T lymphocytes. Increasing the number
and improving the quality of CD4" T lymphocytes are
vital in tumor therapy. Therefore, the elevation in CD4" T
lymphocytes investigated in our study suggested that
hsBAFF can enhance immune responses in the body by
increasing CD4" T lymphocyte function.

In the present report, we showed that NK cell
activity in 0.01 mg/kg hsBAFF-treated mice was similar
to that in control animals, but we found a dose-dependent
increase of stronger NK activities together with the
elevation of hsBAFF dosages (p<0.05 for 0.5 and
2 mg/kg hsBAFF vs. control), indicating that hsBAFF is
able to enhance the immunity of the body by increasing
NK cell activity. This fact may be relevant to the large
elevation of CD4" T lymphocyte percentage in mice after
hsBAFF treatment. Some literary data have shown a
number of interactions between T lymphocytes and NK
cells, but it is still not clear how T lymphocytes influence
the NK cell response in vivo and whether they play a role
in the activity of NK cells. Biron et al. (1990) showed
that several T lymphocyte products, most notably IL-2
and IFN-y, modulate NK cell activity. IL-2 activates the
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of NK cells, their
proliferation in vitro and in vivo, and serves as a

cytotoxic potential stimulates
chemoattractant for already activated NK cells. IFN-y
produced by activated T lymphocytes and NK cells
suppresses the proliferation of cancer cells and activates
TC cells and macrophages (Tannenbaum and Hamilton
2000, Ikeda et al. 2002). Such findings support our
suggestion that hsBAFF may indirectly enhance NK cell
activity by increasing the immune responses of CD4" T
lymphocytes. The exact mechanisms still remain to be
explored.

In conclusion, our study shows that the hsBAFF
synthesized in Escherichia coli can enhance immune

lymphocytes and also of CD4" T lymphocytes by
elevating NK cell activity.
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