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BLyS: Member of the Tumor 
Necrosis Factor Family and B 

Lymphocyte Stimulator 
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The tumor necrosis factor (TNF) superfamily of cytokines includes both 
soluble and membrane-bound proteins that regulate immune responses. A 
member of the human TNF family, BLyS (B lymphocyte stimulator), was 
identified that induced B cell proliferation and immunoglobulin secretion. 
BLyS expression on human monocytes could be up-regulated by interferon- 
y. Soluble BLyS functioned as a potent B cell growth factor in costimulation 
assays. Administration of soluble recombinant BLyS to  mice disrupted splen- 
ic B and T cell zones and resulted in elevated serum immunoglobulin con- 
centrations. The B cell tropism of BLyS is consistent with its receptor 
expression on B-lineage cells. The biological profile of BLyS suggests it is 
involved in monocyte-driven B cell activation. 

A 285-amino acid protein was identified in a 
human neutrophil-monocyte-derived cDNA 
library that shared identity within its predict- 
ed extracellular receptor-binding domain to 
APRIL (28.7%) ( I ) ,  TNFa (16.2%) (2), and 
lymphotoxin-a (LT-a) (14.1%) (Fig. 1A) (3). 
This cytokine has been designated B lympho- 
cyte stimulator (BLyS) on the basis of its 
biological activity. Analyses of the BLyS 
protein sequence have revealed a potential 
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transmeinbrane spanning domain between 
amino acid residues 47 and 73 that is preced- 
ed by nonhydrophobic amino acids, suggest- 
ing that BLyS is a type I1 membrane-bound 
protein (4). Expression of this cDNA in 
mammalian cells [HEK 293 and Chinese 
hamster ovary (CHO)] and Sf9 insect cells 
identified a soluble form, 152 amino acids in 
length, with an NH,-terminal sequence be- 
ginning with (arrow in Fig. 1A). Re- 
construction of the mass-to-charge ratio de- 
fined a mass for BLyS of 17,038 daltons, a 
value consistent with that predicted for this 
152-amino acid protein with a single disul- 
fide bond (17037.5 daltons). BLyS has been 
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mapped to human chronlosome 13q34 (5 ) .  
The expressloll profile of BLyS was as- 

sessed by Northern blot and flow cytoinetric 
analyses. BLyS is encoded by a single 2 6-kb 
mRNA expressed in peripheral blood inono- 
nuclear cells, spleen, lymph node. and bone 
manow (Fig 1B) Loael expression was de- 
tected In placenta, heart. lung. fetal Iivei, 
thymus. and pancreas BLyS mRNA was also 
detected in HL-60 and K-562. but not in Rap, 
HeLa, oi MOLT-4 cells Suiface expression 

was analyzed by flow cytoinetry w ~ t h  the 
BLyS-specific n~onoclonal antibody (mAb) 
2E5 BLyS was not detected on T- or B- 
lineage cell hnes, but a a s  restncted to cells of 
myelo~d origln, includ~ng K-562. HL-60, 
THP-1, and U-937 ( 6 )  Analyses of normal 
blood cell types showed expression on resting 
monocytes that was upregulated four times 
after exposure of cells to interferon-? (IFN-y) 
(100 U/m1) for 3 days (Fig. 1C). A concom- 
itant increase in BLyS-specific mRNA was 
also detected by quantitative polymerase 
chain reaction using a TaqMan machine (Per- 
kin-Elmer Applied Biosystems) ( 6 ) .  BLyS 
was not expressed on fkeshly isolated blood 
lyinphocytes or on activated T cells [anti- 
CD3 mAb + interleukin-2 (IL-2)], B cells 
(SAC + IL-2), or NK cells (IL-2 + IL-12) 
(6 ) .  

Purified recombinant BLyS (rBLyS) was 
assessed for its ability to induce activation, 
proliferation, differentiation, or death in nu- 
merous cell-based assays involving B cells, T 
cells. monocytes, nah~ral killer (NK) cells, 
hematopoietic progenitors, and a variety of 
cell types of endothelial and epithelial origin. 
A biological response to BLyS was observed 
only among B cells in a standard costimula- 
tory proliferation assay in which purified ton- 
sillar B cells were cultured in the presence of 
either fonnalin-fixed Stapl~,vlococcus atli.etrs 
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Cowan I (SAC) or immobilized anti-human 
immunoglobulin M (IgM) as priming agents 
(7, 8). The rBLyS induced a concentration- 
dependent proliferation of tonsillar B cells 
similar to that of recombinant IL-2 (rIL-2) 
(Fig. 2A). BLyS also induced B cell prolif- 
eration when cultured with cells costimulated 
with graded doses of anti-IgM (Fig. 2B). A 
concentration-dependent response was readi- 
ly observed as the amount of cross-linking 
agent increased in the presence of a fixed 
concentration of either IL-2 or rBLyS. 

Biotinylated BLyS protein (which retained 

biological function in the standard B cell pro- 
liferation assays) (6) was used to assay for 
receptor expression. Lineage-specific analyses 
of human peripheral blood cells indicated that 
binding of biotinylated BLyS was undetectable 
on T cells, monocytes, NK cells, and granulo- 
cytes as assessed by CD3, CD14, CD56, and 
CD66b, respectively (Fig. 3A). Activation of 
normal human T cells with anti-CD3 mAb and 
IL-2 did not induce BLyS receptor expression 
(6). In contrast, biotinylated BLyS bound pe- 
ripheral CD20+ B cells. Receptor expression 
was also detected on the B cell tumor lines 

REH, ARH-77, Raji, Namalwa, RPMI-8226, 
and IM-9 but not any of the myeloid-derived 
lines tested, including THP-1, HL-60, K-562, 
and U-937 (Fig. 3B). Thus, BLyS displays a B 
cell tropism in both its receptor distribution and 
biological activity. 

To examine the species specificity of 
BLyS, mouse splenic B cells were cultured in 
the presence of human BLyS (HuBLyS) and 
SAC. Recombinant BLyS induced in vitro 
proliferation of murine splenic B cells and 
bound to a cell-surface receptor on these 
cells. Immature surface Ig-negative B cell 
precursors isolated from mouse bone marrow 
did not proliferate in response to BLyS, nor 

A 
B L y S M O O S T E R E Q S R L T S C L K K R E E M K L K E C V S I L P R K E S P S V R S  41 

did they bind the ligand (6). 
To assess the in vivo activity of rBLyS, 

Tronsmembrone R e g i o n  BALBIc mice (three mice per group) were 
S K O G K L L A A T L L L A L L S C C L T V V S F Y Q V A A L Q G D L A S L R A E  82 

injected intraperitoneally (i.p.) twice a day 
L Q G H H A E K L P A G A G A P K A G L E E A P A v T A G L K I F E P P A P G E G 123 for 4 days with buffer only or with BLyS (2 

mgkg body weight). upon treatment- with 
4 A BLyS, normal splenic architecture was al- 

N S S Q N S R N K R A V Q G P E E T V T Q D C L Q L I A a S E ? P T I Q K G S Y f  164 
April H  5 \/-L H  L V  p 1 N  A  T 5  K  - 0 0 5  D V T  134 tered an of the white pulp and 
TNF YP-v A H v  v  A N P Q  A E G Q - - - - - - 102 an increase in nucleated cells within the red 
L T r t  ~ P A A H L - T G D P S K Q N S - - - - - -  77 pulp (RP) (Fig. 4A). The B cell regions with- 

A '  e '  e c in the periarterial lymphatic sheaths (PAL) 
F ~ P ~ L S -  - - --Fs= E K E E E K K E T I Y  F E I Y  G Q V L  z t  and the marginal zone were expanded but 
E V M W Q P A - - - - - L R R G R G L Q A Q G Y G V R I Q D A G V Y L L Y S Q V L  170 
- L  Q  W ? N R 17 A  N  & L  L  A N G V  E L R D - - N Q  L V  V  P S  E G L  Y L  I Y S Q V  L 139 appeared to stain less with the 
- L L YI R A N T o R A F L Q D G F s L s N - - N s L-L' v P T s G I Y-F v Y s Q v v 114 cell marker CD45R (also known as B220). In 

addition. the T cell-dense regions surround- - 
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Fig. 1. Sequence and expression 
pattern of human BLyS (28). (A) 
Amino acid sequence of BLyS B 
and alignment with TNF family - 4.4 kb 

members. Shaded boxes indicate - 2.4 kb 

shared residues between family r-r-z=- = Y  - - L 5 ~ 7 2 :  - -  
members. The predicted mem- ,, -,;d:g,g 5 ~5 .:'f 7 = 5 : ; k E =  

- C -  
- -. - 

brane-spanning region is indicat- 2 % ;  2 ° K  - g 
, F  " 

ed and the site of cleavage de- , f ;  ' z  C 

$ g 
picted with an arrow. Sequences 
overlaid with lines (Labeled A 
through H) represent predicted C 
P-pleated sheet regions. (B) Ex- 
pression of BLyS mRNA. North- 60 

ern hybridization analysis was 
performed using the BLyS open $ 40 
reading frame as a probe 5 
for polyadenylate-selected RNA 
from the indicated sources. .: 20 
PBMC, peripheral blood mono- 
nuclear cells. (C) BLyS expres- 2 
sion increases following activa- 0 
tion of human monocytes by BLyS 
IFN-y. FLOW cytometric analysis 
of BLyS expression on cultured monocytes using BLyS specific mAb (2E5) (solid Lines) or an isotype 
matched control (IgC1) (dashed lines). Hybridomas and monoclonal antibodies were prepared as 
described (29-32). 

Control 

,' I 

" 
ing the central arterial (CA) were also infil- 
trated by moderate numbers of CD45R+ 
cells. This suggests the white pulp changes 
were due to increased numbers of B cells. 
The densely packed cell population that fre- 

$ LoglO [stimulator (nglml)] 
F .- 

T 

Fig. 2. BLyS is a potent B lymphocyte stimula- 
tor. (A) The biological activity of BLyS was 
assessed in a standard B lymphocyte costimu- 
lation assay (33) (A, SAC + IL-2; W, SAC + 
BLyS). (B) Proliferation of tonsillar B cells with 
BLyS and costimulation with anti-lgM [W, anti- 
IgM only; A, anti-lgM + IL-2 (100 nglml); V, 
anti-lgM + BLyS (100 ng/ml)]. 
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quently filled RP spaces did not stain with 
CD45R. 

Flow cytometric analyses of the spleens 
from BLyS-treated mice indicated that BLyS 
increased the proportion of CD45Rd"", 
Ly6Db"*' (also known as ThB) B cells ap- 
proximately 10-fold over that observed in 
control mice (Fig. 4B). This phenotype is rare 
among normal splenocytes but is characteris- 
tic of terminally differentiated plasma cell 
populations (9, 10). A potential consequence 
of increased B cell representation in vivo is a 
relative increase in serum Ig titers. Accord- 
ingly, serum IgM, IgG, and IgA concentra- 
tions were compared between buffer- and 
BLyS-treated mice (Fig. 4C). BLyS adminis- 
tration resulted in five- and twofold increases 
in serum IgM and IgA, respectively. Circu- 
lating IgG concentrations did not increase 
after 4 days treatment with BLyS. 

Here, we define BLyS as a member of the 
TNF superfamily that induces both in vivo 
and in vitro B cell proliferation and differen- 
tiation. BLyS is distinguished from other B 
cell growth and differentiation factors such as 
IL-2 (l l) ,  IL-4 (12, 13), IL-5 (14, 15), IL-6 
(16, 17), IL-7 (18, 19), IL-13 (20), IL-15 
(21), CD40L (22,23), or CD27L (CD70) (24, 
25) by its monocyte-specific gene and protein 
expression pattern and its specific receptor 
distribution and biological activity on B lym- 
phocytes. BLyS is likely involved in the ex. 
change of signals between B cells and mono. 
cytes or their differentiated progeny. Al- 
though all B cells may use this mode of 
signaling, the restricted expression patterns 
of BLyS receptor and ligand suggest that 
BLyS may function as a regulator of T cell- 
independent responses in a k e r  analogous 

. . "  , 
-rlY 
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to that of CD40 and CD40L in T cell-depen- 
dent antigen activation (26, 27). As such, 
BLyS, its receptor, or related antagonists may 
find medical utility in the treatment of B cell 
disorders associated with autoimmunity, neo- 
plasia, or immunodeficiency syndromes. 
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hRAD30 Mutations in the 
Variant Form of Xeroderma 

Pigmentosum 
Robert E. Johnson, Christine M. Kondratick, Satya Prakash, 

Louise Prakash* 

Xeroderma pigmentosum (XP) is an autosomal recessive disease characterized 
by a high incidence of skin cancers. Yeast RAD30 encodes a DNA polymerase 
involved in  the error-free bypass of ultraviolet (UV) damage. Here it is shown 
that XP variant (XP-V) cell lines harbor nonsense or frameshift mutations in 
hRAD30, the human counterpart of yeast RAD30. Of  the eight mutations 
identified, seven would result in a severely truncated hRad30 protein. These 
results indicate that defects in hRAD30 cause XP-V, and they suggest that 
error-free replication of UV lesions by hRad30 plays an important role in  
minimizing the incidence of sunlight-induced skin cancers. 

Xeroderma pigmentosum (XP) patients are 
hypersensitive to sunlight, and they suffer 
from a high incidence of skin cancers. Cells 
from seven different XP complementation 
groups (A to G) are defective in nucleotide 
excision repair ( I ) ,  whereas cells from the 
variant form of XP (XP-V) excise UV pho- 
toproducts at a normal rate (2). XP-V cells, 
however, are much slower than normal cells 
in replicating DNA containing UV photo- 
products (3), and XP-V cell-free extracts are 
deficient in bypass replication of a cis-syn 
thymine-thymine (T-T) dimer (4). XP-V cells 
are hypermutable with UV light and exhibit 
an unusual mutational spectrum (5). The 
RAD30 gene of Saccharomyces cerevisiae 
functions in error-free bypass of UV lesions 

(6, 7). RAD30 encodes a DNA polymerase, 
Polq, which can efficiently replicate past a 
cis-syn T-T dimer in template DNA, and 
Rad30 inserts two adenines across from the 
dimer (8). Here, we determine if the human 
homolog of yeast RAD30 is responsible for 
XP-v. 

A human cDNA clone, H96386 [345 base 
pairs (bp)], that encodes a peptide with homol- 
ogy to the NH,-terminus of yeast Rad30 protein 
was used to screen a spleen cDNA library (9),  
and a single clone that contains a 3-kb cDNA 
insert was isolated. Sequence analysis (10) of 
this cDNA (11) (GenBank accession number 
AF 158 185) indicated that the protein encoded 
by the human gene displays significant homol- 
ogy to the S, cerevisiae Rad30 protein (Fig. 
1 A). We have named the human gene hRAD30. 
Excluding the intervening region from amino 
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