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Transfection of an Immunoglobulin K Gene into Mature Human
B Lymphocytes
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We show in this repott that the transcription induced by interleukin-2 or pokeweed mitogens of the K MOPC
41 inununoglobulin light-chain gene transfected into primary human or murine B lymphocytes initiates from
a previously unobserved start site about 26 base pairs upstream of the start site used in myeloma cell lines.

The regulation of immunoglobulin genes -has been inten-
sively studied by transfecting the genes into myeloma cell
lines and measuring their expression (for reviews, see refer-
ences 11 and 13). To further understand the relationships
among B-cell development, lymphokines, and immunoglob-
ulin gene expression, we transfected cloned genes into
primary (i.e., normal, nontransformed) lymphoid cells. We
report here that the MOPC 41 K light-chain gene can be
introduced into human or murine primary B lymphocytes,
where its expression can be induced by lymphokines or
polyclonal B-cell activators.-Surprisingly, in all cases, the
transcription start site is about 26 base pairs upstream of the
site used in myeloma cells.
The plasmid pLT40K (Fig. 1A) and derivatives used for

the transfections contain part of the K gene from the mouse
myeloma MOPC 41 (1, 8, 14). The derivative plasmid
pLX40K contains the polyomavirus replicofr, which allows
the plasmid to replicate in mouse cells, thus increasing the
amount of RNA synthesized' by increasing the amount of
DNA template (6, 12). Sinlilarly, the plasmid pLB40K con-
tains most of the genome of human BK virus, allowing it to
replicate in at least some human cells (9).
Human B cells extensivety purified from peripheral blood

(3) were transfected with 10 ,ug of pLB40K DNA or mock
transfected without DNA by the calcium-phosphate method
(5). Recombinant interleukin-2 (IL-2) was used as an activa-
tor; because we have shown that this lymphokine induced
both growth and differentiation of human B cells in the
absence of T cells (2). RNA extracted from transfected cells
was assayed by the S1 nuclease method (Fig. 2c and d) with
a probe specific for transcripts from the K promoter region
(Fig. 1B). RNA from S194 mouse myeloma cells transfected
with pLX40K was assayed in parallel with the B-cell RNA
(Fig. 2a). RNA from the B cells transfected with pLB40K
protected a fragment of the probe about 106 base pairs in
length, which was not protected by RNA from the mock-
transfected cells, indicating that the K gene was transcribed
from a start site at about position -26 (Fig. 3). To more
precisely locate this start site, the Si-assayed RNA was run
on a sequencing gel in parallel with the sequenced probe.
The protected band spanned the 3 bases ATA from position
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-24 to position -26. The position of the start site was the
same when B cells from 10 different individuals were used
(data not shown). In contrast, the K gene transfected into the
S194 cells was transcribed from a start site at position +1
(Fig. 3), as seen in all previous experiments with this gene in
MPC 11 cells (1, 8, 12), and from the endogenous gene in the
original MOPC 41 cells (1).

A
Enhancer

SV40

SV40 t-f*PM' X: Polyoma
Poly A B: BK

B
l-l
1lObp

V-L
I I

PVU 11 Eco Rul
I - *

FIG. 1. (A) Diagram of the plasmids pLT40K, pLX40K, and
pLB40K (not.drawn to scale). The structure of pLX40K has been
described previously (8). In pLT40K. the polyoma region has been
deleted, and in pLB40K, it has been replaced by the EcoRI-BamHI
fragment of BK virus (9) by means of a BamHI linker. Arrows show
the direction of transcription from the K, simian virus 40 (SV40)
early, and polyoma or BK early promoters. (B) Strategy for Si
nuclease assay. The K-specific probe is shown underneath the gene;
*, 32P-labeled end. The direction of K transcription is shown by an
arrow. L, Leader segment; V, variable segment; J, joining segment;
Ori, origin.
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Mouse Human Human 2i andj). The plasmid without BK transcribed less RNA than
Spleen PBL Tonsil the plasmid with BK did but from the same start site (at

position -26). To be certain that the unexpected transcrip-
LPS PWM oLB4oK tion start site in primary B cells was not due to the transfec-tion of a mouse K gene into human cells, the plasmid

z pLX40K was also transfected into fresh mouse spleen cells13 G activated with lipopolysaccharide (Fig. 2g and h). The start
X site was the same as in the primary human B cells and

z - differed from that of the mouse myeloma cells. This result
* fr1 was also obtained when the mouse spleen cells were stimu-

lated with pokeweed mitogen or human IL-2. When the
plasmid pLT40K without the polyoma replicon was trans-

j [] i fected into the mouse primary splenic -cells, the K gene was
* U s w 84 W I | transcribed with a lower efficiency than when pLX40K was

used for transfection, but again transcription started at
position -26 as in primary human B lymphocytes, with no
band corresponding to the myeloma start site detectable

g h i! k mn (data not shown).
ay of RNA from transfected cells. Cells, We have shown here that an immunoglobulin gene can be
ed for transfection are as indicated. RNA readily transfected and expressed in normal peripheral and
Lys were performed as described previ- functional cells of the immune system, namely mature cir-
d in each lane ran at the position of culating B cells. Interestingly, for this gene, the transcription
through h, i through j, and k through m . . . 'i
Is. The markers were from a Hpa2 digest start site after transfection Into primary B cells differs from
from top to bottom) of 190, 181, 171, 147 the start site in myeloma cell lines. However, as there are no
and 127 (running together), 110, 103, 90, ATG codons between the two start sites (Fig. 3), transcripts

initiating at either site should code for the same light-chain
protein. It is very unlikely that the protected band in these
S1 experiments (Fig. 2c through m) represents a splice site
for upstream transcripts rather than a transcription start site,
because splicing after the nearest instance of the strongly

hat gamma interferon (IFN-y) added conserved splice acceptor sequence AG (10), at position
,timulates expression of the endoge- -18, would create a band 6 to 8 base pairs shorter than the
n human B cells (4). Therefore, we observed band (Fig. 3).
i human tonsils without any activa- Since transcription of immunoglobulin genes results from
*with IL-2 and recombinant human their interaction with multiple protein factors (15), it seems
iS stimulated strongly by IL-2 and an possible that primary B cells possess the factors needed to
old by IFN--y (Fig. 2k through m), an activate the MOPC 41 K gene promoter for transcription but
ve other experiments. Transcription may be missing a factor necessary to specify the start site. In
art site in the presence and in the the absence of this factor, transcription initiates about 35

base pairs after the TATA-like sequence CATA (position
its were performed by using highly -61 to -66) rather than after the TATA sequence at position
Lssess the role of T cells on the -27 used in myeloma cells. However, the presence of T
in two experiments we stimulated cells, which are currently considered to be the source of
IL-2 in the presence of 10% autolo- lymphokines required for B-cell growth and differentiation,
nt of RNA detected was decreased, did not supply or induce the putative missing factor. The
th our previous finding that T cells same K gene transfected into a transformed B-cell line and a
iation induced by IL-2 when present transformed pre-B-cell line initiates transcription at the start
of 1:9 (2). However, transcription site used in the myeloma cells (11). Whether the transforma-
art site as in the absence of T cells tion process used in establishing these lines may have
series of experiments, the purified selected cells constitutively expressing any proteins needed
transfected, mixed with 10% of their to direct initiation at the myeloma start site is currently
the same sample of blood, and then under investigation.
ell-dependent polyclonal B-cell acti-
n. The K gene was then transcribed
-ncy than when B cells were stimu-
bsence of T cells, but the same start
2c and e).
ct of the BK replicon on transcrip-
fected in parallel with pLB40K (Fig.
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-60 -50 -40 -30 * -20 -10 +
AATTTGCATACCCTCACTGCATCGCCTTGGGGACTTCTTTATATAACAGTCAAACATATCCTGTGCCA

FIG. 3. Sequence of the MOPC 41 K promoter region (14). Transcription in myeloma cells initiates at position +1. *, Most likely
transcription start site in transfected B cells, on the basis of the size of the protected band (Fig. 2). The TATA box is in boldface, and a
conserved octanucleotide (7) is underlined.
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