
cells negative for Tac antigen (the a chain of 
IL-2R) encoded by chromosome 10 (22). 

The chromosomal localization of the gene 
encoding the HTLV receptor gene will be 
useful for further elucidation of the receptor 
by immunological and genetic techniques. 
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A DNA Binding Protein Regulated by IL-4 and by 
Differentiation in B Cells 

The class I1 (Ia) major histocompatibility complex antigens are a family of integral 
membrane proteins whose expression is limited to certain cell types, predominantly B 
lymphocytes, macrophages, and thymic epithelial cells. In B cells, Ia expression is both 
developmentally regulated and responsive to external stimuli. The differentiation of 
early B stem cells to mature B lymphocytes is accompanied by the appearance of cell 
surface Ia antigens; the transition to plasma cells results in loss of class I1 gene 
expression. In Ia-expressing B cells, the T cell-derived lymphokine interleukin-4 (IL- 
4) increases such expression by an as yet undefined mechanism. Chloramphenicol 
acetyltransferase gene expression was cis-activated by a region of the Ia Aolk gene in a B 
lymphoma line, but not in a myeloma line. A nuclear protein that bound to two sites 
within this region, upstream from previously described transcription elements, was 
found in normal spleen cells. This binding activity was also found in spleen extracts 
from athymic mice, which lack T lymphocytes, and in Ia-positive B lymphocyte tumor 
cell lines, demonstrating that it is a B cell protein. Further analysis showed the activity 
to be undetectable in an Ia-negative pre-B cell line and in three plasmacytoma cell lines 
that are Ia negative. IL-4 treatment of normal and athymic mouse spleen cells greatly 
increased the binding of this nuclear protein to these two sites, concomitant with 
increased MHC class I1 gene transcription. Thus, B cells contain a sequence-specific 
DNA-binding activity whose level is inffuenced both by IL-4 and by differentiation 
signals. 

T HE PRESENCE AND THE LEVEL OF 

cell surface class I1 major histocom- 
patibility complex (MHC) gene 

products contribute to the intensity of an 
immune response [reviewed in ( I ) ] .  T' ISSUC- 

specific and inducible control of transcrip- 
tion affect the level of class I1 MHC (Ia) 
gene expression (2). Because DNA regions 
upstream from several other class I1 MHC 
genes were active in cis (3), we studied a 
region upstream from the murine MHC Aa 
gene. A 1.3-kb Sau 3AI restriction fragment 
was cloned upstream from the SV40 pro- 
moter of pA1OCAT (4). This construct (Fig. 
1B) directed the synthesis of 70-fold more 
chloramphenicol acetyltransferase than the 
control vector, pAlOCAT, when each was 
transfected (5)  into the class II-positive B 
lymphoma M12.A2 (Fig. 1A). In the my- 
eloma cell line XAg653, this DNA region 
provided no cis-activating effect (Fig. 1A). 
Transcriptional motifs, called X and Y, are 
conserved in all class I1 MHC genes (6)  and 
are present at the downstream end of the Aa 
Sau 3AI fragment. Similar assays showed 
that the Aa X and Y sequences conferred 
little cis-activating effect in M12.M (7). 
Thus, the DNA region upstream from Aa 

quences. Therefore, we assayed nuclear ex- 
tracts (8) by mobility shift analyses (9) with 
radiolabeled DNA fragments that represent- 
ed the DNA within the 1.3-kb Sau 3AI 
fragment described above. For two restric- 
tion fragments (fragments I and I1 in Fig. 
1C) in addition to the X-Y-containing frag- 
ment (IV in Fig. lC),  a retarded band was 
present when nuclear extracts from spleen 
cells were used (lanes 3 and 10 in Fig. 1D). 
Formation of these proteinase K-sensitive 
(7) complexes was blocked by competition 
with excess unlabeled probe DNA (lanes 4 
and 11 in Fig. ID), but not by several 
unrelated competitor DNAs (lanes 5, 6, 12, 
and 13). To determine whether B lympho- 
cytes contain the binding activity, we pre- 
pared splenic nuclear extracts from athymic 
nude mice, whose spleens lack T cells and 
consist primarily of B cells. The factor was 
found in nude mice (lanes 7 and 14 in Fig. 
1D). B lymphoma lines that express Ia con- 
stitutively were also assayed. Nuclear extract 
from M12.4.1, a class II-positive mature B 
cell lymphoma line, generated a DNA-pro- 
tein complex that comigrated with the band 
from normal spleen cell extract (lanes 8 and 
15). 

(Fig. 1A) was activd in cis in a B cell line but 
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These results suggested that the presence 
of this DNA-binding activity may be com- 
lated with the ability of the cells to express 
class II MHC genes. Since preparation of 
sufficient quantities of normal pre-B and 
plasma cells for these experiments was not 
feasible, we studied cultured cell lines that 
represented these developmental stages of 
the B lineage. Nuclear extracts from 70ZJ3 
and R8205 (pre-B), from M12.4.1 (mature 
B), and from three myeloma cell lines were 
assayed against fragments I (7) and 11 (Fig. 
2). Two of three extracts from the 70213 
pre-B cell line failed to b i d  fragment 11. 
The third extract contained the factor (lane 
2 in Fig. 2), and cytoplasmic RNA from this 
cell preparation contained Aa and A$ RNA. 
The nuclear extract from Ia+ R8205 cells 
generated two complexes (lane 3), of which 
one comigrated with the complex found 
using spleen cell (lane 4) and M12.4.1 (lane 
6) nuclear extracts (10). In contrast, in the 
three myeloma cell extracts, no band was 
observed with fragment I1 (lanes 7 to 9 in 
Fig. 2), and no band wmigrating with the 
complexes formed by spleen extracts was 
observed with fragment I. Therefore, this 
DNA-binding activity correlated with the 
developmental state and class I1 MHC gene 
expression of B-lineage cells. 

IL-4 influences B cell development (11) 
and stimulates increased MHC class I1 
mRNA levels in B cells (12). We prepared 
nudear extracts from normal (Fig. 3A) or 
athymic (Fig. 3B) mouse spleen cells, cul- 
tured with or without recombinant IL-4. 
When these extracts were assayed for pro- 
teins that b i d  fragments I and 11, more 
label was present in complexes generated by 
IL-Ptreated spleen cells (Fig. 3A, lanes 2 
and 6; Fig. 3B, lanes 2 and 4) than by 
matched control cells (Fig. 3A, lanes 1 and 
5; Fig. 3B, lanes 1 and 3). Unlabeled frag- 
ment I or fragment II competed for binding 
to Eragments I and I1 by IL-&induced 
splenic nuclear extracts (Fig. 3A, lanes 3 and 
7), but other DNA fragments did not com- 
Pete for biding (Fig. 3A, lanes 4 and 8). In 
four of five paired experiments, a detectable 
level of Aa DNA-biding protein was pres- 
ent in unstimulated spleen cell extract; the 
small amount of DNA-biding activity is 
consistent with the low level of Aa tran- 
scripts present (7, 13). IL-4 treatment in- 
creased the level of this binding activity 
significantly. We conclude that a binding 
protein is present in B cells when constitu- 
tive (IL4independent) class 11 MHC gene 
transcription is active and that the level of 
binding activity in normal B cells can be 
increased by IL-4 treatment. 

To determine whether the IG4-mediated 
increase in dass 11 gene expression in splenic 
B cells was a transcriptional effect, we as- 

CAT : 
,301 SOU-S 

test region 

aetltors 

CAT I 

C; Pvu (0 
C--- Coml 

SocI Subfragments - A, upstream DNA 

Hlnf I fragments 

U Hlnf Ifragments 

Fig. 1. (A) The B lymphoma cell line M12A2 and the mydoma cell line XAg653 were tmnsfectcd (22) 
with SV2CAT (23); with pAlOCAT (4), which lacks an enhancer; and with pAlOCAT containing a 
1.3-LP Sau 3A1 fngment from the A. u p m m  DNA and assayed fa hbramplmrd  acctyl- 
trans& activity (23). (B) A 1.3-kb Sau 3AI restriction fragment from the Aa upstream DNA was 
ligated into pAlOCAT to generate pAlOCAT[Au(1.3)Sau-Saul. The position of the X and Y sequences 
(solid boxes) and of the target uences described below (cross-hatched boxes) are d i a ; m m +  (C) 
The upstream region of Auk. ~ x d  box marks the beginning of o n  I leader sequence. infI s~tes arc 
marked by vertical lines; the fragments used as probe DNAs arc indicated (24,25). Competitor DNA5 
arc shown above the gene. Pvu = Pvu 11, P a  = Pst I; approximate fragment sizes in kilobases arc in 
parcnthcscs. Cloned subfragments of fragments I and I1 are shown as I(t) and II(t). (D) Equal portions 
of nudear extracts (8, 17) were added to radiolabeled Hinf I hgments from Auk upstream DNA, 
followed by nondenaturing polyacrylamide gel electrophoresis and autoradiography (9, 26). The 
fragments used were approximately 580 bp (fragment I, lanes 9 to 15), 500 bp (hgment 11, lanu 2 to 
8), 300 bp (fragment III, lane I), and 220 bp (fkgment IVY lanes 16 and 17). Lanes 2,9, and 16 
contained no nuclear extract; the other lanes contained 1.2 pg of protein. Comparable masses (50 ng) 
of unlabeled competitor DNAs were included in the biding rnivhvcs in lanes 4 to 6 and lanes 11 to 13. 
The competitor DNAs were Pvu(l.3) (lanes 4 and l l ) ,  Pvu(0.48) (lanes 5 and 12), and a 270-bp dirner 
of the 110-bp X-Y consensus region Pst I fngment [Pst(O.ll), lanes 6 and 131 in pUC18 polylinker 
(17). 
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sayed spleen cells by nudear run-on tran- 
scription (14). In a B lymphocyte-enriched 
spleen cell population fiom athymic mice, 
addition of recombinant murine UA to the 
culture medium resulted in increased Aa 
gene transcription relative to actin wnscrip- 
tion. The ratio of Aa to actin transcription 
was 4.4fold and 9.0-fold greater in IL4- 
treated cells than in control cells in two 

differences in DNase I reactivity between of the band generated with the M12.4.1 
k DNA and DNA bound to protein are nudear extract was indistinguishable from 
summarized in Fig. 4A. A single region that of the IL4-inducible factor in spleen 
protected from DNase I attack was identi- cells (7). Competition experiments had 
fied on each probe. The DNase I footprint shown that fragment I sequences could 

Fig. 3. IL-4 induces the splenic protein that b i  
Aa DNA. Splenic nudear am;lcts were prepared 
from normal [BlO.T(6R) in (A)] and o u t b d  
athymic (nulnu) mice [in (B)] afnr wemight 
culture of the spleen cells either with (+) or 
without (-) 230 Utml(27) recombinant murine 
IL-4. Matched pairs of acnacts were assayed fw 
bmdmg activity with fragments I and 11 as above. 
As a control, extracts were shown to contain 
comparable activities of biding to the Aa X box 
and to a probe containing the Aa X and Y box 
consensus region (7, 17). (A) Extracts of unin- 
d u d  (lanes 1 and 5) or induced (lanes 2 to 4 and 
6 to 8) spleen cells. Probe fragments were as 
indicated. Competition experiments were pcr- 
fbrmed with unlabeled I(t) (lane 3) and II(t) ( h e  
7) subfragments, as well as with Pvu(0.48) (lanes 
4 and 8) and Pa(O.11) dimcr (not shown), as in 
Fig. 1C. (B) Extracts of uninduced (lanes 1 and 
3) or induced (lanes 2 and 4) spleen cells with 
fragment I (lanes 1 and 2) or fragment 11 ( lam 3 
and 4). 

independent experiments (1 5). The absolute 
prevalence of Aa run-on wnscripts also 
increased in all experiments. Each cell tran- 
scribed approximately four times as much 
Aa when treated with IL-4 as when cultured 
without IL-4. This value is comparable to 
the fourfold increase in steady-state RNA 
levels reported previously (12). Thus, IL-4 
concurrently increases transcription of Ia 
genes and induces an MHC DNA-binding 

1 2 3  

F r a g m e n t  
I 

5 6 7  

F r a g m e n t  
I1 

To identi@ the target sequence of this 
developmentally regulated and IL-Giduc- 
ible nuclear protein, we pe~%ormed deoxyri- 
bonudease I (DNase I) footprint analyses 
(16). Subfragments of the H i d 1  firagments I 
and II [I(t) and II(t) in Fig. lC] that 
compete for all binding to full-length frag- 
ments I and I1 (Fig. 3A) were used. The 

Fig. 4. (A) Recognition tar- A 
g a  of the b a g  p a i n -  Fragment I 
DNase I footprint analysts 
(16) were performed with 
I(t) and II(t) subfragmans 
of flagmen6 I and 11 (28). 
Solid bars mark regions of 
protection from DNase I at- 
tack and open bars si F increased reactivity o the 
wding (lower) and anticod- 
ing (upper) strands. Thc 
DNA sequences in these tar- 
get regions of fragment I 
and 11 are shown (25). Tht 
sequences are aligned ro 3 GTGCK 
demonstrate the core of 
identity (ATGTGGT- 
AAG.) shown between the 
fragment I and fragment I1 
doubk-strand sequences 
and labeled "sequence ho- 
mology." (6) Oligonucb 
tide competition for b d q  
to probe fragments I and II. 
Oligonucleotides rrprrscnt- w r  
ing the targets detined by 
DNase I footprint cxperi- 
ments with fragments I and 
II were prepared (site I, or 
BRE-1,s'-gatcTAAAGAA- 

u 
AAACCAGCTAACTCAT- 

- 
I 

GAAATAAAG, 

C T T T A T T T C  

- 
AAAAACCAG 

TTTTTGGTCI  

Pre - B Moturt - -' ?lomas - 
CTAACTC AT( 

GATTGAGTAC - 5' .  . GGGAA 

3' - CCCTT 

AGCAAGAG 

TCGTTCTC 

; -TGC-T--  AAG -3' 

;-A CG-A-- T T C  -5'  Seoue 

I 
: C T TAATATG 

- -  - 

8 9 

nent 

1 2  

Probe: 

Fragment I - P 

' 3 4 5 6 7  

ROBE - 

500 bp Hinf I froqa 

Fig. 2 DNA binding assays of d lines rrprtscnt- 
inestarnsofthe B d hcuzc. Nudcvamuts 
w& p;;parrd from pre-B d"ha 70U3 (laae 1 
and lane 2, an independent extract) and R8205 
(lane 3), nulnu spleen ceh cultured with (lane 5) 
and without (lane 4) IG4, M12.4.1, a mature B 
lymphoma line (lane 6); and three murine myelo- 
mas (XAg653, lane 7; J55h lane 8; and 
MOPC315, lane 9). Gel h t i o n  assays were 
pmbmed with these extracts and fragment 11 
probe DNA. Results with fragment I probe were 
identical to those with fragment 11, except that 
with J55L a band was occasionally prcscnt (indi- 
cated by a solid dot to the left of the lanes) that 
migrated faster than the spleen band (indicated by 
an arrow). Each DNA binding reaction with 
myeloma cells represents about 6 x lo5 nuclei. 
The IL-4-inducible band in spleen nudear extract 
is readily detestable at an input of 1.5 x I d  
nu& (7). 

GATGCATGCAAG-3' and 
its complementary strand 3 4 0 5  0 >O 2 0 4 0 , 4 0 -  

gatcCITGCA .... TCTITA; S I T E  x s  S I T E  x S I T E  

and site 11, or BRE-2, 5'- I i U L L C U l  lUC I II 

1_15, - A h  

I T E  - COM 
II o L l t o r  

gatcCCGTGATTACCT- 
TAATATGTITGUTAGAAGGAGGCAAA-3' and its complcmmtq strand gatcTlTGCCT.... T- 
CACGG). Oligonucleotide BRE-1 ( c l o d  as a dimcr in pUC18 polylinla), oligonucleotide BRE-2, 
and a 29-bp oligonucleotide with Ea X consensus sequences (17) were used as competitors in DNA 
biding assays with fragment I and fragment 11 probes and nudear extracts fium ILA-ueated nutnu 
spleens. Competitors added were none (lanes 1 and 8); dimer BRE-1(10,20, and 40 ng, lanes 2 to 4 
and 9 to 11); X(Ea) oligonucleotide (40 ng, luKs 5 and 12); BRE-2 (5 ng, lanes 6 and 13; 25 ng, lane 
7)- 
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compete with fragment I1 probe for forma- 
tion-of complexes, and vke versa (7). To 
analyze the basis for this cross-competition, 
we prepared oligonucleotides spanning the 
protected and hypersensitive residues of 
fragments I and I1 and tested them in com- 
petition experiments using several nuclear 
extracts. The 35-bp fragment I oligonucleo- 
tide BRE-1 (Fig. 4 legend) is sufficient to 
bind an IL-4-inducible protein (7), and 
these oligonucleotide sequences competed 
for formation of complexes with both frag- 
ments I and I1 (Fig. 4B, lanes 2 to 4 and 9 to 
11). A 39-bp oligonucleotide spanning the 
protected region of fragment 11, BRE-2, 
efficiently competed for formation of frag- 
ment I and fragment I1 complexes (Fig. 4B, 
lanes 6, 7, 13, and 14). In contrast, an 
oligonucleotide of unrelated sequence [the 
Ea X box sequence, X(ECX)~,, from (17)] did 
not compete for formation of fragment I or 
I1 complexes at a greater oligonucleotide 
concentration (Fig. 4B, lanes 5 and 12). 
Three other oligonucleotides also failed to 
compete at concentrations greater than 
those used with BRE-2 (7, 18). The results 
with uninduced spleen extracts and with IL- 
4-induced normal spleen extracts (7) were 
comparable to those with IL-4-induced nu/ 
nu spleen extracts (Fig. 4B). When M12.4.1 
and R8205 nuclear extracts were used in 
parallel experiments, unlabeled BRE-2 oli- 
gonucleotide also competed for formation 
of this complex (7). Thus, the same factor 
appears to recognize a site in fragment I and 
a site in fragment 11, and the target se- 
quences for the developmentally regulated 
protein are the same as those for the IL-4- 
inducible protein. 

We conclude from these data that the 
target sequences we identified may contrib- 
ute both to B cell developmental control and 
lymphokine-responsive control of Aa gene 
expression. Developmental and inducible 
control of a B cell transcription factor is 
reminiscent of the NF-KB factor (19). Al- 
though T cells do not transcribe immuno- 
globulin light chains, NF-KB is induced in 
these cells by activation with PMA (19, 20). 
T lymphocytes also respond to IL-4. The 
IL-4-inducible factor would not necessarily 
activate class I1 transcription in T cells since 
murine T lymphocytes contain a dominant 
trans-acting repressor of class I1 MHC gene 
expression (21). It will be of interest to 
determine whether this IL-4-inducible pro- 
tein is also involved in transcription control 
in T lymphocytes. 
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