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reduce expression of all other isotypes (Coffman et al., 1989; Kim and
Kagnoff, 1990; Lebman et al.,, 1990a, 1990b). I found that TGFp
inhibits induction of the yl promoter by PMA and synergy with IL-4
in both cell lines. Therefore, the inhibitory effects of IFNy and TGFp
on induction of IgG] expression appear to be achieved via inhibition
of expression of the yl promoter. Thus, it is highly likely that these
cytokines actually inhibit the switch recombination event by
reducing transcription of the unrearranged Syl1-Cyl gene Segment,
thereby reducing its accessibility. I also tested the effect of several
other cytokines which had not been shown to have a specific effect
on expression of IgGy, and these cytokines had no effect on the

germ-line yl promoter.

Molecular Analysis of Germ-Line yl Promoter

Within 150 bp upstream of the first initiation site of germ-line vyl
RNA are located sufficient sequence elements for inducibility by
PMA and synergy with IL-4 in L10A6.2 cells. The palindromic AP-1
sequence element, TGACTCA, which has been shown to mediate
transcriptional activation in response to the phorbol ester-activated,
PKC-dependent signal transduction pathway-(Angel et al., 1987) is
not present within this 150 bp segment, although there is an element
that resembles an AP-1 site, at -160/-154 (TGAGTCT). This element
does not appear to contribute to PMA inducibility conferred by

segments of the yl promoter ligated to a minimal TK promoter since
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its deletion had no effect. I decided to make linker-scanning
mutations to across this region to find the elements responsible for
PMA and PMA plus IL-4 inducibility.

Linker-scanning analyses indicated that multiple elements are
required for yl promoter activity and for inducibility by PMA and
synergy with IL-4. I noted several sequence elements that matched
known transcription factor binding sites in the 150 nucleotide region
5' to the first initiation site. A CACCC box is repeated 4 times in this
region (Fig.11A). Each of these repeats (except the one located at -
26/-18) contributes to basal level expression and is essential for
PMA and PMA plus IL-4 inducibility except the CACCC box located at
-89/-80 which is less important for PMA inducibility in A20.3 cells.
Another CACCC box at -26/-18 also appears necessary for PMA
inducibility in A20.3 cells. A CACCC box is required for transcription
of the mouse B-globin gene (Cowie and Myers, 1988; Dierks et al.,
1983). An inverted CACCC box has also been found in the germ-line «
promoter (Y.-C.A. Lin and J.S., submitted). The putative CACCC
transcription factor has not been identified.

A TIE-like element may also be essential for the basal level
expression, PMA, and PMA plus IL-4 inducibility of the yl promoter
in L10A6.2 cells and for basal level expression and IL-4 synergy in
A20.3 cells. TIEs are involved in TGFp inhibition of several genes and
bind a protein complex containing c-Fos (Kerr et al., 1990).

 The sequences located between -120/-104 match perfectly a
C/EBP binding site whose core sequence, TT/GNNGNAAT/G, is present
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in many viral enhancers and mamalian promoters, including the Ig

heavy chain enhancer and Ig heavy chain variable region promoters
(Akira et al., 1990; Peterson et al., 1988). The C/EBP site is

recognized by a protein which was originally found in liver cells

(Johnson et al., 1987) but also exists in many other cell types

(Lichtsteiner et al., 1987; Maire et al.,, 1989; Akira et al., 1990).

Recently, Roman et al. (1990) have characterized a new member of
the C/EBP family, Ig/EBP, which is expressed in all cell lines and all
tissues examined but is most abundant in immature B cells. Both

Ig/EBP and C/EBP bind the same DNA element and this element is

essential for in vitro transcription of the mouse albumin gene using
nuclear extracts from either liver or spleen as transcription
machinery (Maire et al., 1989). Mutation of the C/EBP binding site in
the yl promoter abolishes the induction by PMA and synergy with
IL-4. Whether Ig/EBP or C/EBP or another member of this family
contributes to the PMA inducibility and IL-4 synergy is unknown.

¢ The C/EBP site overlaps an element homologous to two binding sites
for an IL-4 inducible protein in the promoter for the class II Aok
gene (Boothby et al., 1988). This IL-4 RE shares homology with
consensus sequences of the C/EBP binding site (Fig. 12) and it seems
possible that the IL-4 RE specific DNA-binding protein also belongs to
the C/EBP family.

Another important element is the PU box, which is present in

’ the enhancers of SV40 and lymphotropic papovavirus (LPV), and has

been shown to contribute to SV40 enhancer activity in lymphoid
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cells and to be a major determinant of the lymphotropic host range
of LPV (Pettersson and Schaffner, 1987; Karim et al.,, 1990). The PU
box is recognized by murine Ets-1, a product of the proto-oncogene,
ets-1 (Gunther et al., 1990) and by a macrophage and B cell specific
transcription factor PU.1 (Klemsz et al., 1990) whose amino acid
sequence in the binding domain has considerable homology with
proteins belonging to the ets oncogene family. Mutation of the PU box
reduces basal level expression and decreases the inducibility by PMA
and synergy with IL-4. The PU box is also found 5' to the initiation
sites for germ-line y2b, y3, and oo RNAs (at -16/-6 relative to the first
initiation site of germ-line Y2b RNA, at two sites located at -155/-145
and at -38/-28 relative to the 5' end of germ-line y3 c¢cDNA, and at -
69/-59 5' to the first start site of germ-line « RNA) (Fig. 12) (Lutzker
et al. 1988; Rothman et al., 1990; Y.-C.A. Lin and J.S., submittéd). I
did not find any other of the putative y1 promoter elements in the
published sequences of the y3 and y2b 5' flanking regions. Since
factor PU.1 is not expressed in EL-4 cells and the germ-line y1
promoter is also not active in EL-4 cells, it is interesting to speculate
that the PU box is one of the determinants responsible for cell-
specific expression of the germ-line y1 promoter.

The sequences located between -41/-31 match with two
elements: one is a perfect ap-interferon response element (aff IRE)
(Yang et al., 1990) and another an imperfect AP-3 element (Chiu et

al., 1987). This region of the promoter appears to be less important
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than other regions but is required for optimal induction of the vyl
promoter.

The DNA elements located within 150-bp region function
interdependently to contribute to the basal level expression and
inducibility of the yl promoter-luciferase fusion constructs. I made
several 5'SYITKCAT heterologous constructs (Fig. 14) to test if the
elements in 150-bp region can confer PMA and PMA plus IL-4
inducibility to minimal TK promote. The fact that the -177/-14 and -
148/-14 fragments are sufficient to confer full PMA inducibility and
about two-thirds of the synergy with IL-4 of the -150LUC plasmid
(which contains the yl RNA initiation sites) and that the -177/-78
and -148/-78 segments confer PMA inducibility only and that the -
177/-91 fragment does not confer any inducibility indicate that
sequences within -148/-78 are sufficient for PMA inducibility but
sequences located within -78/14 are also required to obtain IL-4
synergy. These results, combined with my other analyses,
demonstrated that synergy with IL-4 is mediated by multiple
interdependent elements.

Previously, it has been shown that either an AP-1 or AP-2
element (Mitchell et al., 1987; Imagawa et al., 1987) or an AP-3
element (Chiu et al., 1987) can confer inducibility by the phorbol
ester-activated and PKC-dependent signal transduction pathway. A
serum response element (SRE) located in the c-Fos promoter is also a

target for PKC-dependent and -independent signals (Gilman et al.,

1986; Sheng et al., 1988). The PKC-dependent signal is mediated by




96

a protein called p62TCF (for ternary complex factor) (Shaw et al.,
1989; Graham and Gilman, 1991). None of these sequence elements
(except an imperfectly matched AP-3 site which makes only a minor
contribution to yl promoter activity) are located in the 150 bp region
that confers PMA inducibility to the y1 promoter. PKC appears to be a
main target for PMA stimulation (Nishizuka et al., 1984), although
PMA has multiple biological effect on different cells. It is likely that
PMA is inducing transcription of other genes whose products induce
the Y1 promoter since the earliest time I have demonstrated PMA
inducibility is at 3 hours and since the response is not maximal until
12 hours after addition of PMA. I have not examined earlier times.
Other alternatives are possible but appear less likely. The mechanism

underlying the IL-4 synergy with PMA is completely unknown.

Biological Significance

Since I find that cytokines which have been shown to regulate
switching to IgG1 regulate the germ-line vyl promoter, The results
presented here begin to provide a description of the mechanism of
regulation of accessibility of the Syl-Cyl gene segment. IL-4, which
induces switching to IgG1 and also induces germ-line y1 RNA, induces
expression of the germ-line yl promoter in the presence of PMA.
IFNyand TGFB, which down-regulate switching to IgG1, inhibit the

IL-4 activation of the germ-line yl promoter.
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My results suggest that cross-linking of antigen-receptor on B
cell may be involved in in inducing accessibility of the Cyl gene and
thereby, inducing switching to IgGji. The signal provoked by cross-
linking the antigen receptor and mimicked by PMA can induce the 7yl
promoter. Sequences located within -148/-78 5' to the first initiation
site of germ-line yI RNA are sufficient to transfer this inducibility to
another promoter. This is the first case of which I am aware in which
multiple functionally interdependent elements are required to

respond to PMA.
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