


Rel protein binding to kB motifs such as that in FP-b has not been tested. The
promoters of the MIPla gene and that of other inflammatory cytokines contain
adjacent C/EBP family and Rel family binding sites, and the effects of proteins of
these two families on each-others binding in-vitro to a template containing
recognition sequences for both families has not been fully tested. An interesting
possibility is that NF-kB-BFII contains C/EBP family proteins, and is a means of
sequestering these proteins to a "poised” promoter; in this scenario, displacement of
NF-kB-BFIl from the MIPlo promoter FP-b site by LPS-induced NF-xB would
allow unhindered access of the adjacent C/EBP family binding sites to the C/EBP
family proteins, without competition from the FP-b site.

In keeping with this, preliminary data show co-operative binding of C/EBP and
NF-xB (sic) to adjacent sites on the IL-8 gene promoter, resulting in a dose-
dependent synergistic activation of transcription (Stein et al, 1993). In LPS-
stimulated RAW 264.7 cells, nuclear NF-xB DNA binding activity is rapidly induced
within 30 minutes (Kaufman et al, 1992), at which time I have proposed that the FP-a
site, adjacent to FP-b, binds predominantly negative-regulatory C/EBPP3
homodimers, while the adjacent pFP-c site binds positive-regulatory C/EBPB1/2/d
proteins, suggesting that rapid LPS-induced synergistic activation of MIPlo
transcription may occur between NF-xB bound to FP-b and C/EBP family proteins
bound to pFP-c.

16.5 POSSIBLE INVOLVEMENT OF THE FP-a SITE ISRE IN LPS-
RESPONSIVENESS OF THE MIP1c. PROMOTER.
16.5.1 Evidence for specific transcription factor binding to the FP-a site ISRE.

In addition to complexes al to a4, containing C/EBP- and ETS-family proteins,
faster-migrating complexes are formed in EMSAs using FP-a probe. The diffuse
complex formed using RAW 264.7 cell nuclear extracts, and which migrates between
complexes a4 and a5, is competed by FP-a and PU.1 competitors (figure 11.2b),
suggesting it may be ETS-related. It is also competed by xkBpd competitor (figure
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11.2b), which may be explained by the fact that the kBpd sequence contains a GGAA
core sequence, recognised by ETS family proteins (Karim et al, 1990).

A second faster-migrating complex, complex a5, is not competed by C/EBP
family-binding competitors (figure 11.2b), so it does not contain C/EBP family
members or their degradatory products. Further, as formation of complex a5 declines
upon LPS stimulation of RAW 264.7 cells (just visible in figure 11.4a), while
formation of PU.1/Spi-B-containing complex a4 is unaffected by LPS stimulation,
complex a5 does not contain PU.1/Spi-B and/or their degradatory products, even
though formation of complex a5 with FP-a probe is competed by PU.1 competitor.
This suggests that the FP-a and PU.1 probes contain a transcription factor binding site
homology distinct from the PU.1/Spi-B binding site.

In addition to C/EBP- and ETS-family binding sites, the FP-a site contains an
ISRE homology (Schindler et al, 1992; Fu, 1992). The ISRE can bind the ISGF3
transcription factor upon cell stimulation with IFNo/B, and prior to cell stimulation,
the ISGF3y component of this complex can bind separately to the ISRE with low
affinity (Schindler et al, 1992; Fu, 1992). The ISGF3y protein is a member of a
family of transcription factors, termed the IRF family, which all share DNA binding
specificity related to but distinct from that of ISGF3y, in that ISGF3y interacts with
the entire ISRE sequence, but fails to bind a shorter DNA sequence called PRDI,
while the other family members require only the core ISRE sequence or the short
PRDI sequence in order to bind DNA (Veals et al, 1992). Like the a5 complex
formed with FP-a, IRF family protein-probe complexes migrate rapidly in EMSAs
(Schindler et al, 1992; Fu, 1992; Veals et al, 1992), and of the oligonucleotide probes
used in this study, only the FP-a and PU.1 probes contain either an ISRE (FP-a) or a
potential PRDI sequence (PU.l: GAAAGa c.f wild-type PRDI GAAAGT),
suggesting that complex a$ foﬁned with FP-a probe and competed by PU.1
competitor may contain IRF family protein(s).

Of the IRF family, IRF-1 mRNA is (slightly) induced in by LPS stimulation of
RAW 264.7 cells (Farber, 1992), and as complex a5 is reduced by LPS treatment of
RAW 264.7 cells, this suggests complex a5 contained in RAW 264.7 cell nuclear
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extracts is not IRF-1. IRF-2 mRNA levels are also reported to be modulated by LPS
treatment of cells (Harada et al, 1989) (the reference does not mention cell type or
whether the modulation is an induction or a repression), suggesting that RAW 264.7
cell complex a5 may be IRF-2. Another IRF family member, ICSBP, is hemopoietic
cell-specifically-expressed (Weisz et al, 1992), and both IRF-2 and ICSBP are
negative regulators of transcription (Harada et al, 1989; Veals et al, 1992; Weisz et
al, 1992). As LPS stimulation of RAW 264.7 cells leads to a decrease in formation of
complex a5, this suggests that a5 may contain IRF-2 or ICSBP.

As complex a5 obtained with FP-a probe and RAW 264.7 cell nuclear extracts is
competed by PU.1 competitor, and the PU.1 sequence contains a potential PRDI
motif but not an ISRE (Table 6.3), this suggests RAW 264.7 cell complex a5 is not
ISGF3y. In contrast, complex a5 formed with FP-a probe and STO cell nuclear
extracts is not competed by the PU.1 competitor, and as the only IRF family protein
that binds to the ISRE (present in FP-a) but not to the PRDI motif (putatively present
in PU.1) is ISGF3y, this suggests that complex a5 obtained with FP-a probe and STO
cell nuclear extracts may contain ISGF3Yy protein.

16.5.2 The ISRE binds LPS-induced ISGF3 in RAW 264.7 cells.

In LPS-stimulated RAW 264.7 cell nuclear extracts, an LPS-inducible complex
was observed in EMSAs using an IP-10 gene ISRE probe (Ohmori et al, 1993). The
complex was first detectable, and was maximal, at 3 hours after LPS stimulation, was
still present at 12 hours, but was undetectable 24 hours after stimulation (Ohmori et
al, 1993). The same complex was induced by IFNYy, but though the induction was
much more rapid, much less of the complex was formed than with LPS stimulation
(Ohmori et al, 1993). The ISRE was required for IFNYy- but not LPS induction of the
IP-10 promoter, though multimerized ISRE motifs were able to confer LPS-
responsiveness on a heterologous promoter in RAW 264.7 cells (Ohmori et al, 1993).
Interestingly, this LPS-responsiveness was blocked by antibody to IFNo/B, and as
LPS induces the production of IFNa/B by macrophages, this suggests that functional
LPS-responsiveness of the ISRE in RAW 264.7 cells is indirect, and due to LPS-
induced IFNo/P feeding back onto the cells (Ohmori et al, 1993). As the initial LPS-
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responsiveness of the IP-10 promoter in RAW 264.7 cells appears to be conferred by
two promoter kB sites, the ISRE may confer a prolonged LPS-responsiveness
(Ohmori et al, 1993). Together with the evidence that MIP1a promoter site FP-a may
bind ISRE-specific transcription factors, this suggests that the FP-a site ISRE may
prolong the LPS-induced transcriptional up-regulation of the MIP1a gene in RAW
264.7 cells, initially mediated by C/EBP- (pFP-c and dFP-c) and kB (FP-b) motifs.

16.6 THE MIPlo. PROMOTER DISTAL (-160bp to -220 bp) REGULATORY

ELEMENT (DRE).

In EMSAs, a slow-migrating complex formed with FP-f probe and RAW 264.7-,
STO- and NIH 3T3 cells co-migrated and cross-competed with a complex formed
with an AP-1 binding probe, E3-AP-1, but was not competed by a mutated E3-AP-1
competitor containing specific point mutations in the AP-1 binding site. As the
formation of this complex with FP-f probe was also enhanced in reducing conditions,
characteristic of AP-1 (Abate et al, 1990), this suggests the complex contains AP-1.

Although many studies using nuclear extracts from serum stimulated NIH 3T3
cells have shown the presence of c-Fos in AP-1 complexes (Gillespie, 1991), my
preliminary antibody studies suggest that the AP-1 complex formed with FP-f probe
does not contain c-Fos protein. However, in asynchronously growing NIH 3T3 cells,
c-Fos and FosB are expressed at very low levels, and Fra-1 and Fra-2 are the main
Fos proteins complexed with c-Jun protein, though in the the first hour after serum
stimulation of these cells, AP-1 contains mainly c-Fos and c-Jun proteins (Kovary et
al, 1992). Hence, my nuclear extracts from NIH 3T3 cells serum-stimulated for 4
hours- and, by analogy, asynchronously-growing RAW 264.7 cells, would be
expected to contain very low levels of c-Fos in AP-1 complexes.

No information is available on the levels of Fos proteins in LPS-stimulated
macrophages, though LPS stimulation is known to induce c-fos mRNA levels in
macrophages (Fujihara et al, 1993). However, upon LPS treatment of J774.2
macrophage cells, both cellular levels of JunB protein and observed AP-1 DNA
binding to a TRE probe in EMSAs noticeably increased within 10 minutes and
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continued to increase over an 8 hour timecourse (Fujihara et al, 1993). Examination
of the Jun family members present in TRE complexes over the 8 hour timecourse
revealed constant levels of c-Jun and JunD proteins, while the levels of Jun B
increased steadily over the timecourse (Fujihara et al, 1993).

The FP-f probe (figure 11.1) does not contain a canonical TRE sequence (Hai ez
al, 1991), but in its 3' region it contains a sequence (TGAGACTT) which has exact
homology to a region of the human TGFP1 gene promoter which confers positive
TGFp (and TPA) responsiveness on a reporter gene in a c-Fos and c-Jun protein-
dependent manner (Kim ez al, 1989; Kim et al, 1990). Interestingly, the TGAGACTT
sequence overlaps the 5' end of site FP-e and the 3' end of site FP-f that were
protected in in-vitro footprinting experiments (figure 11.1). This suggests that binding
of AP-1 to the TGAGACTT sequence within the context of the MIP1a promoter in
unstimulated or 12 hr LPS-stimulated RAW 264.7 cells is occluded by binding of
transcription factors to the adjacent FP-e and FP-f sites. However, as I have shown
that TGFP treatment of RAW 264.7 cells down-regulates the levels of MIPla
mRNA, this suggests that AP-1 may bind in a TGFpB-responsive manner to a site
overlapping footprinted sites FP-e and FP-f in-vivo, thus disrupting binding of
transcription factors to the FP-e and FP-f sites, and down-regulating the MIP1a gene
at the level of transcription.

AP-1-mediated negative regulation of transcription by TGFp has previously been
observed, via an element called the TGFp inhibitory glement (TIE) (Kerr et al, 1990;
Kerr et al, 1992). However, the TIE element sequence is different to that of both a
canonical TRE element and TGFB-responsive AP-1 binding site described above
(Kerr et al, 1990; Kim et al, 1990). These sequence differences may be important in
determining which Fos-, Jun- or ATF-proteins are contained in the AP-1 complexes
that bind to these different sites (Hai et al, 1991), so that AP-1 binding to these
different sites may have different functional consequences; for example, the
stromelysin gene promoter contains TIE and TRE elements, both of which bind AP-1,
but the TIE element negatively-regulates-, while the TRE element positively-

regulates- stromelysin gene transcription (Matrisian ez al, 1992; Kerr et al, 1992).
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In my studies, I did not detect an increase in AP-1 binding to the FP-f probe in
LPS-stimulated- compared to unstimulated RAW 264.7 cells. This may be because
the nuclear extracts used were from 22-hour LPS stimulated RAW 264.7 cells, but it
is also possible that different AP-1 complexes in RAW 264.7 cell nuclear extracts
form preferentially with the TRE and FP-f probe AP-1 binding sites, rendering the
latter unresponsive to LPS treatment of RAW 264.7 cells. Further, it is possible that,
of these AP-1 sites, only the TIE element is able to confer negative regulation of

transcription in response to TGFf. These possibilities have yet to be examined.

16.7 SERUM-INDUCIBILITY OF TRANSCRIPTION OF THE MIPla GENE
IN RAW 264.7 CELLS: WHY FRESH SERUM-INDUCED UP-REGULATION
OF MIP1la TRANSCRIPTION IS PROLONGED, WHILE LPS-INDUCED
TRANSCRIPTIONAL UP-REGULATION IS TRANSIENT.

A puzzling aspect of the study of the induction of MIPla gene expression in
macrophages by LPS and fresh serum is that, depending on the investigator, rapidly-
induced MIP1oo mRNA can either return to basal levels within 24 hours or remain at
significantly-elevated levels for several days (my data; Davetalis et al, 1988; M.
Plumb, personal communication; P. Daubersies, personal communication; A. Reid,
PhD thesis, 1992). MIP1a is an early-response gene in macrophages, and as such, its
expression appears to be controlled at multiple levels, including modulation of the
rate of initiation- and elongation of transcription (this thesis) and of the stability of its
mRNA (M. Plumb, personal communication; A. Reid, PhD thesis, 1992). Thus there
are several possible mechanisms by which the observed differences could occur;
however, as yet there is no explanation for these differences. In the following
paragraphs, I will present a testable model which addresses the issue of why rapidly
induced MIP1ae mRNA levels are sometimes rapidly attenuated and sometimes more
prolonged.

In my studies of MIP1a RNA levels in RAW 264.7 cells, after replating of cells
in cell growth medium containing fresh 10% (v/v) FCS, it was necessary to incubate

the cells for 3 days before MIP1o. mRNA returned to basal levels, in contrast to LPS
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stimulation of RAW 264.7 cells, in which MIP1aa mRNA was back to basal levels
after 24 hours of stimulation. That this prolonged serum-responsiveness is at least
partly at the level of transcription is suggested by the differences between Experiment
1 and Experiment 2 in the functional studies, which suggested that MIP1a promoter
element(s) in the FP-e site are more active 2 days after the initiation of serum
stimulation than after 3 days. A prolonged transcriptional up-regulation of the MIP1a
gene in response to fresh serum stimulation of RAW 264.7 cells is further supported
by EMSA studies of C/EBP family protein binding to MIP1o promoter site FP-a; in
contrast to LPS-stimulation, in which the proposed positive regulatory complex 1/al
has returned to ~basal levels after 16 hours of LPS stimulation, complex 1/al is at
significantly induced levels after 15-24 hours of fresh 10% (v/v) FCS stimulation.

A basis for a transient induction of MIP1a transcription in RAW 264.7 cells by
LPS and a prolonged induction by fresh 10% (v/v) FCS may be that treatment of
RAW 264.7 cells with LPS is cytostatic, while treatment with 10% FCS is not (Vairo
et al, 1992). Certain genes are induced upon cellular growth arrest, and one of these is
the C/EBP family member CHOP (Fornace et al, 1989; Ron et al, 1992). CHOP can
dimerize with other C/EBP family members, and prevents them from binding DNA,
as it has 2 prolines substituted in its basic region (Ron et al, 1992). Thus, the transient
nature of LPS-up-regulated MIPlow transcription may be explained by the LPS-
mediated growth-arrest induction of CHOP in RAW 264.7 cells, which then
dimerizes with all of the C/EBP family proteins, including negative-regulatory
C/EBPP3, which bind to FP-a, pFP-c, dFP-c and FP-d, resulting in reduction of
binding of all C/EBP related complexes to these sites, as is progressively observed
subsequent to 6 hours of LPS stimulation, and attenuation of MIP1a transcription.

In addition to LPS, exogenously-added cAMP is also cytostatic for macrophages
(Rock et al, 1992), so may also induce CHOP synthesis (Fornace et al, 1989). As
discussed earlier, LPS treatment of macrophages stimulates the release of
prostaglandins, which feed back on to the cells, increasing the levels of intracellular
cAMP (Rappollee et al, 1989; Chen et al, 1989; Kunkel et al, 1988; Okonogi et al,

1991); furthermore, exogenously-added prostaglandins down regulate MIP1o gene
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expression in macrophages (Martin et al, 1991). Thus, I propose a mechanism
whereby LPS stimulates the production of prostaglandins by RAW 264.7 cells, which
feed back on to the cells, arresting cell proliferation and inducing synthesis of CHOP.
CHOP then attenuates the C/EBPP1/2/3-mediated rapidly-induced MIPla
transcription by dimerizing with these proteins (and with C/EBPb3) and thus
preventing them from binding to DNA. As 10% (v/v) FCS does not induce cellular
growth arrest, the 10% (v/v) FCS induction of positive-regulatory C/EBP family
proteins would not be accompanied or followed by induction of CHOP, and thus
would allow the prolonged DNA binding of positive-regulatory C/EBP family
proteins.

Because RAW 264.7 cells are a permanent tissue-culture cell-line, it may be
difficult to consistently arrest their proliferation; this may depend on parameters such
as the level of positive serum growth factors present, the concentration of cytostatic
agents used (I used very high levels (2 pg/ml) of LPS) and the confluence of the cells.
Thus, I propose that differences in these parameters may, by affecting the
proliferation status of the cells, differentially induce CHOP levels, which may
contribute to whether or not the induction of MIP1o gene expression is transient or
more prolonged. In each experimental system used, measurement of CHOP levels
and monitoring the levels of C/EBP family proteins binding to the MIP1a promoter
would provide evidence for or against ther above theory.

Another potentially significant difference between the LPS- and fresh 10% FCS-
modulation of C/EBP family binding to FP-a probe is that while on LPS stimulation
complex 3/a3 declines concomittantly with the increase in complexes 1/al and 2/a2,
though complexes 1/al and 2/a2 are markedly increased after 15 hours of FCS
stimulation, complex 3/a3 has not declined. In the hypothesis proposed earlier,
complex 1/al is a positive regulator containing C/EBPB1/2/, while complex 3/a3
contains negative-regulatory C/EBPP3, and preferential synthesis of C/EBPP1/2/d
over C/EBPP3 upon LPS stimulation leads to incorporation of C/EBPB3 into
heterodimers (complex 2/a2) with C/EBPB1/2/8. Thus, as complex 3/a3 does not
decline upon fresh 10% (v/v) FCS stimulation of RAW 264.7 cells, it appears that
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C/EBPP3 protein synthesis is also stimulated by fresh serum. Further, it is therefore
possible that MIP1a promoter sites FP-a and dFP-c confer LPS responsiveness- but
do not confer serum responsiveness on the MIP1a gene. However, as outlined earlier,
complex 1/al has much greater affinity than complexes 2/a2 or 3/a3 for MIPla
promoter site pFP-c (and probably FP-d), so that serum-responsive transcription
would be expected to be conferred by sites pFP-c and FP-d.

I have not examined induction of nuclear NF-xB DNA binding in response to
fresh FCS stimulation of RAW 264.7 cells. However, it is possible that rapid
transcriptional induction of the MIP1a gene by fresh FCS is conferred by NF-xB
binding to FP-b and by post-translational modification of C/EBPP1/2 (as described
earlier), while a prolonged transcriptional response to fresh FCS is conferred by
prolonged FCS-induced synthesis of C/EBPP1/2/d protein, and binding of these to
sites pFP-c and FP-d, and by a similarly prolonged FCS-induced synthesis of
protein(s) binding to the FP-¢ site.

Serum-induced up-regulation of MIPlo gene transcription in macrophages
appears to be distinct from the serum-induced tfanscription of many other genes in
susceptible cell types, which occurs via transcription factor complexes containing
SRF, binding to promoter SRE [CC(A/T)gGG] motif(s) (Treisman, 1990; Treisman,
1992). Further genes contain rapidly serum responsive promoter regions containing
DNA binding sites [CTA(A/T)4TAG] for a family of transcription factors called
Related to Serum Response Factor (RSRF) proteins (Pollock et al, 1991; Han et al,
1992). Interestingly, the human MIPla gene homologue LD78a contains an SRE
element at position -672, which is not conserved in the MIP1o. promoter (Widmer et
al, 1991), while the MIPlo. promoter contains a potential RSRF binding site,
CTATTTcTAG at position -634 (RSRF can bind to sites containing a central C
nucleotide) (my observation; Widmer ez al, 1991; Pollock et al, 1991), and this site is
not conserved in the LD78a promoter (Nakao et al, 1990). However, as the potential
RSRF binding site is upstream of the region of the MIP1o promoter that is serum

responsive in RAW 264.7 cells, this suggests that this site may be important for
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serum- and growth factor responsiveness of the MIP1a promoter in non-macrophage
cell types.

Although there is no published data on the involvement of C/EBP family proteins
in serum-responsive transcription, the involvement of other non-SRF and -RSRF
proteins in serum responsive transcriptional regulation has been both documented and
implicated. For example, Rel family genes are induced by serum stimulation of NIH
3T3 cells (Ryseck et al, 1992; Baldwin Jr. et al, 1991), and the BBF-1 transcription
factor is contained only in cardiac muscle cells that are cultured in medium

containing a high concentration of serum (Zhou et al, 1993).

168 COMPARISON OF FUNCTIONAL LPS- AND SERUM-
RESPONSIVENESS OF THE MIP1ao PROMOTER CONSTRUCTS IN RAW
264.7 CELLS.

It is evident that LPS and fresh FCS do not alter the activity of MIP1a promoter
constructs by the same mechanism, in that all of the promoter constructs are serum-
responsive, whereas longer promoter constructs are not LPS responsive. In the
following paragraphs, I discuss evidence in support of a model in which fresh FCS
and LPS rapidly induce MIPla gene transcription in RAW 264.7 cells using
overlapping but distinct sets of transcription factors.

In a study of the effects of different concentrations of fresh FCS on the activity of
the pM-160 promoter in RAW 264.7 cells, it was observed that the serum-stimulated
activity was equally maximal in either 5%- or 10% (v/v) fresh FCS, indicating that
5% (v/v) fresh FCS was equally as effective as 10% (v/v) fresh FCS in the induction
of serum responsive transcription factors that positively regulate MIPlo gene
promoter activity.

The response of the minimal pM-160 MIP1a promoter to LPS stimulation of
RAW 264.7 cells was maximal in the presence of fresh 1% (v/v) FCS, even though
stimulation with the latter alone had minimal effect on the activity of this promoter.
Increasing the amount of fresh serum present, from 1%- to 5%- to 10%- (v/v) led to a

progressive decrease in the LPS-responsiveness of the pM-160 promoter, though the
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promoter was LPS-responsive at all tested concentrations of fresh FCS. The simplest
explanation for these effects may be that LPS and fresh serum stimulation of RAW
264.7 cells lead to the synthesis/ mobilization/ activation/ induction of DNA binding
of certain transcription factors in an identical manner, but that LPS stimulation also
either activates other different transcription factor(s) or leads to the modification of
the transcription factor(s) induced by fresh serum, so that these factor(s) have
increased transcriptional activation activity. In support of this idea, evidence
discussed above suggests that while sites FP-a, pFP-c, dFP-c and FP-d are LPS-
responsive, only pFP-c and FP-d are serum-responsive, and that while site FP-e
appears to be serum-responsive, there is no evidence that it is LPS-reponsive. In
addition, it is possible that any or all of the described transcription factors could be
differentially post-translationally modified in response to fresh FCS-stimulation-
compared to LPS-stimulation of RAW 264.7 cells.

As the experiments comparing LPS-regulation of MIP1a transcription in RAW
CM compared to medium containing 1%-, 5%- and 10% (v/v) fresh FCS were all
conducted using the same transfection conditions ("Experiment 1" conditions, see
above), they can be directly compared, so that as the 1%- and 5% (v/v) fresh FCS
stimulations were done fewer times than the RAW CM and 10% (v/v) fresh FCS
stimulations, they are probably less accurate. Further, as discussed earlier, the pM-
160 promoter -fold LPS-stimulation in RAW CM was greater in Experiment 2, when
experimental conditions were adjusted to reduce the levels of MIP1a transcription-
inducing serum growth factors in the RAW CM, and the LPS-induced transcriptional
activity of the pM-160 promoter was similar in the presence of RAW CM or fresh 1%
(v/v) FCS once these adjustments had been made (figure 13.3).

In light of this discussion, it is reasonable to suggest that RAW CM and 1% (v/v)
FCS contain similarly low levels of MIPla transcription-inducing serum growth
factors. Stimulation of the RAW 264.7 cells with LPS under these conditions would
then be expected to induce the in-vivo DNA binding of both the set of transcription
factors whose in-vivo binding to the MIPla promoter I have suggested to be
uniquely-inducible by LPS (ie. C/EBPP1/2/d binding to sites FP-a and dFP-c), and
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the set of transcription factors also potentially induced by higher concentrations of
fresh FCS (ie. C/EBPP1/2/d binding to sites pFP-c and FP-d). In the presence of
higher concentrations of fresh FCS, in-vivo promoter binding of the latter
transcription factors would already be induced, therefore reducing the LPS-
responsiveness of the MIP1a promoter, as discussed above. Also, as the kinetics of
induction of MIP1o gene transcription by fresh FCS and LPS may be different,
different concentrations of fresh FCS might differentially modulate the kinetics of
LPS-induced MIP1a gene transcription.

A model summarizing the proposed differences in the transcription factors
binding to the MIP1a promoter in unstimulated RAW 264.7 cells, and at different
times after LPS- or fresh 10% (v/v) FCS stimulation is shown in figure 16.5 (proteins
shown binding to sites FP-e and FP-f in this figure are discussed in section 16.9,

below).

16.9 FUNCTIONAL TRANSIENT TRANSFECTION STUDIES OF POINT-
MUTATED MIP1o PROMOTER CONSTRUCTS IN RAW 264.7 CELLS.

Initial functional transient transfection studies of the activities of wild-type
MIP1o promoter constructs in RAW 264.7 cells suggested that all of the promoter
sequences functional in these cells were between positions +36 bp and -190 bp
(chapter 10). Hence, I inserted point mutations into the pM-190 MIP1a promoter/
hGH gene construct. However, after adjustment of transfection conditions, functional
studies with the wild-type MIP1a promoters suggested, in agreement with in-vitro
footprinting experiments, that a further functional promoter region is present between
-190 bp and -220 bp (see chapter 12 overview and figure 13.3), so that the FP-e and
FP-f regions both contain positive-regulatory promoter elements, and I therefore
inserted the same point mutations into the pM-350 MIP1a promoter construct, in
order to investigate whether the functional outcome of these point mutations was
affected by their promoter context.

As in-vitro footprinting studies detected transcription factor(s) binding to both the
FP-e¢ and FP-f sites, while EMSA studies only detected binding of AP-1 to a site
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Figure 16.5: Proposed transcription factors binding to the MIPla gene
promoter in-vivo in RAW 264.7 cells under different cellular conditions.

Schematic diagrams of proposed transcription factors binding to the MIP1a promoter
in RAW 264.7 cells in RAW CM (unstimulated), or after stimulation of the cells for
6- or 24 hours in either RAW CM containing 2 pg/ml of LPS or fresh medium
containing fresh 10% (v/v) FCS, as shown. The MIP1o gene TATA box and cap site
are shown, and numbers above the promoter denote distance (in bps) from the cap
site. Transcription factors are denoted by coloured rectangles, circles and ovals, and
bind to MIPla promoter sites FP-a, FP-b, pFP-c, dFP-c, FP-d, FP-e and FP-f, as
shown above the unstimulated promoter. An open oval touching a transcription factor
represents the proposed positive-regulatory transcriptional activation potential of that
factor, and the relative strength of that activation potential is denoted by the number
of "+" symbols in the open oval. Transcription factors lacking open ovals are
proposed to lack transcriptional activation potential. Promoter-bound transcription
factors: C/EBPB1 denotes homo- or heterodimers of C/EBPB1 and/or C/EBPp2
and/or C/EBPS and C/EBPB3 denotes homodimers of C/EBPP3, as described in the
text. Free transcription factors: C/EBPB1 denotes monomers of C/EBPB1 and/or
C/EBPB2 and/or C/EBPd and C/EBPP3 denotes monomers of C/EBP3,
respectively, dimerized with monomers of negative-regulatory CHOP protein, as
shown and described in the text. UNSTIMULATED RAW 264.7 CELLS: dotted
arrow pointing to dotted circle denotes proposed negative-regulatory transcription
factor AP-1 competing for binding to a DNA site occluded by proposed positive-
regulatory DNA-bound transcription factors E3 and Fp, as described in the text.



overlapping FP-e and FP-f, this suggests that transcription factor binding to the FP-e
and FP-f regions may require co-operativity between transcription factors binding to
these two regions and/or with transcription factors binding to the proximal MIP1a
promoter (ie. between +36 bp and -160 bp). The latter possibility is supported by
functional studies with pM-350 MIP1a promoters with point mutations in site FP-d
(see below).

In RAW 264.7 cells, the FP-d sequence binds C/EBP family proteins, and I have
proposed that in both unstimulated- and LPS-stimulated RAW 264.7 cells, this site
binds C/EBP-related complex 1/al (C/EBPP1/2/8), which positively regulates the
MIPlo promoter. Because, unlike sites FP-a and dFP-c, site FP-d probably binds
complex 1/al before and after LPS stimulation, this suggested that FP-d probably
contributes more than these other sites to MIP1o gene transcription in unstimulated
RAW 264.7 cells.

FP-d site mutations dm1, dm2 and dm3 specifically mutate the proposed C/EBP
family binding site, while mutation dm4 does not, and mutant pM-350 promoters
containing mutations dm1, dm2 or dm3 have significantly less activity than wild-type
pM-350 in unstimulated RAW 264.7 cells, while pM-350dm4 has wild-type activity
(figure 16.6). This confirms the suggestion that FP-d contributes significantly to
MIPla promoter activity in unstimulated RAW 264.7 cells. Furthermore, as the
activities of these dm1-, dm2-, and dm3 mutant pM-350 promoters are much more
similar to that of wild-type pM-160 than wild-type pM-350 (figure 16.6), the strong
positively-acting promoter elements within the FP-e and FP-f regions of the MIPla
promoter are able to exert very little transcriptional-regulatory effects in these FP-d-
mutant promoters. One possible reason for this may be that C/EBP-family proteins
interacting with the FP-d site recruit transcription factor(s) to the FP-e site and thence
to the FP-f site; this possibility is supported by the in-vitro footprinting and EMSA
studies, in that sites FP-e and FP-f bind transcription factors when in the context of
the whole promoter (footprinting) but not when tested individually (EMSAs).
Another possibility is that transcription factors binding to the FP-e and FP-f regions

can only communicate with the proximal promoter and transcriptional preinitiation
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complex via protein-protein interactions involving C/EBP family proteins interacting
with the FP-d site. As there are multiple C/EBP family binding sites in the proximal
MIPlo promoter, a combination of the two described mechanisms may occur, in
which C/EBP family binding to the FP-d site is required in order for transcription
factor(s) to bind to the adjacent FP-e site, or for the latter factors to interact with the
proximal promoter-bound transcription factors.

As discussed earlier, binding of negative-regulatory AP-1 to a site overlapping the
MIPla promoter footprinted sites FP-e and FP-f may be occluded in-vivo by
transcription factors binding to these adjacent sites. However, as JunB protein- and c-
fos mRNA (Fujihara et al, 1993) are induced by LPS stimulation of RAW 264.7 cells,
a role for AP-1 in the LPS-response of the MIP1la promoter in RAW 264.7 cells
cannot be ruled out. For example, the AP-1 site could be inolved in both positive and

negative regulation of MIP1o promoter activity in RAW 264.7 cells. Furthermore, as

discussed earlier, it is apparent that different AP-1 complexes are predominant in

cells under different conditions (eg. serum stimulation) (Kovary er al, 1992), and that
different AP-1 DNA binding sites probably selectively bind distinct AP-1 complexes
(Hai et al, 1991). Hence, during LPS stimulation of RAW 264.7 cells, different AP-1
complexes might become available at different times, and the affinity of these
different complexes for the MIP1a promoter AP-1 binding site, and their functional
effects, may vary. |

The proposed site of AP-1 binding in the FP-f probe is TGAGACTT
(homologous to TGFB1 gene promoter AP-1 binding sites: figure 12.1 and Kim ez al,
1990); however, in the pM-190 promoter/hGH gene construct, the two bases at the 5'
end of the above site are deleted, and replaced by the sequence TT (see Table 6.4,
PCR primer pM-190p), so that the pM-190 promoter contains the sequence
TTAGACTT, which I assume is still able to bind AP-1. This site is mutated by
mutation em1 (figure 16.6). Mutation em4 introduces a possible second AP-1 binding
site (AGAGAGaaT compared to wild-type TGAGAGCTT) into the pM-190 and pM-
350 MIPlo. promoter sequences (figure 16.6), and the possible functional

consequences of this will be discussed below.
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The presence of a perfect inverted repeat motif (ATCTCaGAGAT) in the FP-e
footprinted sequence (figure 16.6) suggests this site may bind a putative dimeric
transcription factor, henceforth termed factor E3. Mutation em2 encompasses the
distal half-site, and em3 encompasses the proximal half-site and overlaps the distal
half-site of the inverted repeat (figure 16.6). However, in unstimulated RAW 264.7
cells, while promoter pM-190em2 has ~60% of wild-type activity, promoter pM-
190em3 has only 3% of wild-type pM-190 promoter activity (figure 16.6). A possible
explanation for this is that factor E3 is recruited to the DNA by a second putative
transcription factor, henceforth termed factor E4, binding to the proximal region of
the FP-e site (figure 16.6). The presence of the proximal half-site of the E3
transcription factor binding site directly adjacent to the E4 binding site (as in mutant
pM-190em?2, figure 16.6), may be sufficient to allow recruitment of E3 to the DNA
by E4, whereas as mutation em3 affects both half-sites of the E3 binding site (figure
16.6), this may be sufficient to prevent the recruitment of E3 to the DNA by E4
alone.

Precedents for these concepts are the recruitment of NF-EMS to the k 3' enhancer
by PU.1 (Pongubala et al, 1992; Pongubala et al, 1993), and the stabilization of DNA
binding of estrogen receptors to ERE half-sites by adjacently-bound transcription
factor(s) (Kato et al, 1992). Obviously, if DNA-bound factor E4 stabilizes DNA
binding of factor E3 to an E3-binding half-site, it would potentially stabilize binding
of E3 to the wild-type palindromic E3 binding site. Interestingly, PU.1 can bind to the
K 3' enhancer, but is unable to activate transcription, in the absence of NF-EMS5
(Pongubala et al, 1993). An analogous effect with the putative E3 (c.f. NF-EMS5) and
E4 (c.f .PU.1) proteins binding to site FP-e correlates with my data, as discussed
below.

This model is consistent with the idea that C/EBP family proteins bound to site
FP-d interact with a factor binding to FP-e, which in turn recruits further transcription
factors which bind more distally. In order to complete the model, I will henceforth
refer to the constitutively-acting positive-regulatory transcription factor(s) binding to
the FP-f site as factor F,. The proposed model is shown schematically in figure 16.5.
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In the following paragraphs, I will suggest how the model can account for the
functional effects of mutations to site FP-¢ introduced into the pM-190 and pM-350
MIP1o promoters.

In unstimulated RAW 264.7 cells, factors E3 and E4 would bind to the FP-e site,
largely occluding DNA binding by AP-1 (figure 16.5), and therefore positively
regulating transcription. Although the footprinting data suggests that AP-1 does not
bind in-vitro, it would be expected to compete with factor E3 for DNA binding, as the
proposed E3 DNA binding site is directly adjacent to the proposed AP-1 binding site
(figures 16.5 and 16.6). Mutation em1 in the pM-190 promoter should prevent DNA
binding of AP-1, thus allowing unhindered DNA binding of factor E3, resulting in a
small rise in promoter activity in unstimulated RAW 264.7 cells, as is observed
(figure 16.6). This supports the notion that AP-1 can act as a negative regulator of
MIP1la promoter activity, and suggests that the AP-1 binding site might be a more
potent negative regulatory site in TGFB-treated RAW 264.7 cells. The fact that the
pM-190em1 promoter has similar LPS-stimulated activity to the wild-type pM-190
promoter (figure 16.6) suggests that the negative-regulatory effects of AP-1 were
diminished during the period of LPS stimulation, consistent with the possible
presence of different AP-1 complexes at this site during the LPS stimulation (see
earlier discussion).

As discussed above, mutation em2 should reduce-, and mutation em3 abolish-
DNA binding by positive-regulatory factor E3 (figure 16.6), resulting in increased-
and unrestricted- binding, respectively, of negative-regulatory AP-1 to the adjacent
DNA site in the pM-190 promoter (figures 16.5 and 16.6). This correlates with the
observed reduction (in pM-190em2) and abolishment (in pM-190em3) of pM-190
promoter activity in unstimulated RAW 264.7 cells (figure 16.6).

Upon LPS stimulation of RAW 264.7 cells, promoter pM-190em? is induced 2.2-
fold, similarly to the wild-type pM-190 promoter (figure 16.6), and its reduced total
LPS stimulated activity compared to pM-190 (figure 16.6) correlates with the reduced
DNA binding of factor E3. Assuming that factor E4 does not positively stimulate pM-

190 promoter activity in the absence of E3, and that AP-1 negative-regulatory activity
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Figure 16.6: Functional transient transfection analysis in RAW 264.7 cells of
pM-190- and pM-350 MIP1a promoters containing point-mutations in the FP-d-
and FP-e footprinted sites.

Top of figure: Coding-strand DNA sequence of the region of the MIPla gene
promoter containing footprinted sites FP-d, FP-e and FP-f. The sites corresponding to
the 5' ends of the pM-160-, pM-190- and pM-220 MIP1a promoters are shown. The
sequences corresponding to footprints FP-d, FP-e and FP-f in RAW 264.7 cells are
contained within open boxes. Coloured boxes above the sequence span the proposed
core binding sites for C/EBP family proteins (in FP-d), factors E4 and E3 (in FP-e),
AP-1 (overlapping the 5' end of FP-e) and Fp (in FP-f), as shown. Point mutations
dm1l, dm2, dm3 and dm4 inserted into site FP-d of the pM-350 promoter, em3 and
em4 inserted into site FP-e of the pM-350 and pM-190 promoters, and em1, em2 and
emS inserted into site FP-e of the pM-190 promoter, are denoted by lower-case letters
below the relevant sites of the wild-type promoter sequence. Arrows above the FP-¢
sequence denote the inverted repeat sequence proposed to form the core binding site
for putative transcription factor E3. Bottom of figure: Relative activities of mutant
and wild-type MIP1la promoter/ hGH gene constructs transiently transfected into
RAW 264.7 cells and incubated in RAW CM in the absence (RAW CM) or presence
(RAW CM + LPS) of 2 pg/ml of LPS. hGH gene expression was expressed relative to
that of the pHSVTKGH positive control, which was given a value of 1 in RAW 264.7
cells in RAW CM. Fold-induction of expression by RAW CM + LPS over the level of
expression in RAW CM is shown in parentheses.



is reduced in response to LPS, promoter pM-190em3 should have similar-, though
somewhat reduced- (due to the presence of residual negative-regulatory AP-1), total
activity compared to promoter pM-160 after LPS stimulation, as is observed (figure
16.6).

Mutation em4 in the pM-190 promoter should abolish E4 DNA binding (figure
16.6), hence abolishing E3 DNA binding. Further, a second potential AP-1 DNA
binding site in the FP-e site is created by mutation em4 (discussed above, and figure
16.6). Thus, in unstimulated RAW 264.7 cells, the unrestricted DNA binding of AP-1
to two adjacent sites in the FP-e site would be expected to abolish promoter activity,
as is observed (figure 16.6).

In LPS-stimulated RAW 264.7 cells, the DNA binding of AP-1 to the FP-e site
would be reduced, but due to the presence of two adjacent sites, compared to only
one in pM-190em3, greater AP-1-mediated negative regulation of pM-190em4 than
pM-190em3 in LPS-stimulated RAW 264.7 cells might be expected, so that the total
LPS-stimulated activity of pM-190em4 would be somewhat lower than that of pM-
190em3; this is what is observed (figure 16.6).

Mutation em$5 in the pM-190 promoter significantly reduces the activity of the
promoter in unstimulated RAW 264.7 cells, but the activity is still 3-fold greater than
that of pM-190em3 and pM-190em4 (figure 16.6). The simplest explanation for this
is that mutation em5 overlaps the DNA binding site of factor E4 (figure 16.6),
significantly reducing but not abolishing DNA binding of E4, and hence of E3, and
therbeby significantly reducing but not abolishing pM-190 promoter activity, as is
observed (figure 16.6). As mutation em5, in contrast to em4, does not introduce a
second potential AP-1 DNA binding site into the FP-e site (figure 16.6), the LPS-
induced activity of pM-190em5 would be expected to be greater than that of pM-
190em4, as is observed (figure 16.6).

It is possible that protein-protein interaction between factors E3 and E4 binding to
the FP-e sequence and factor F,to the FP-f sequence is sufficient to occlude AP-1
DNA binding at the overlapping site (figure 16.5), as is observed in footprinting
experiments. Mutation em3 in the pM-190 promoter (figure 16.6) was proposed to
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abolish recruitment of factor E3 to its DNA binding site by factor E4. However, it is
feasible that factor E3 interacts with both factors E4 and Fp and that this complex
could bind to DNA even in the presence of the em3-mutated E3 DNA binding site,
though with reduced affinity compared to binding to the wild-type template. Hence,
in unstimulated RAW 264.7 cells, the lower affinity of the E4—E3-Fp complex for the
DNA would allow greater competition for DNA binding by AP-1, slightly reducing
the activity of the pM-350em3 promoter compared to wild-type pM-350, and this is
what is observed (figure figure 16.6). In LPS-stimulated RAW 264.7 cells, the
reduced negative-regulatory effects of AP-1 would allow the E4-E3-FIJ complex to
regulate the activity of pM-350em3 similarly to that of wild-type pM-350, as is
observed (figure 16.6).

Mutation em4 in promoter pM-350 should abolish DNA binding of factor E4
(figure 16.6), and hence of factor E3, to the FP-e site, thus possibly allowing DNA
binding of AP-1 to two adjacent sites in the mutated FP-e sequence (figure 16.6). As
proposed above, AP-1 appears to compete with factor E3 for DNA binding to site FP-
e in the wild-type promoter (figures 16.5 and 16.6). In the same way that E3 is
presumed to interact with the adjacent E4 and F, factors, it is possible that AP-1
DNA binding to this site might be stabilized by transcription factors bound to the
adjacent DNA. In the mutant pM-190em4 promoter, the FP-f site is not present and
the E4 site is mutated (figure 16.6), but in the mutant pM-350em4 promoter, the FP-f
site is present. Hence, it is possible that in the context of the pM-350em4 promoter,
factor Fp and the two adjacently-bound AP-1 factors stabilize each others' binding to
the promoter, resulting in a negative-regulatory complex. In LPS-stimulated RAW
264.7 cells, though DNA binding of the two AP-1 complexes alone might be
expected to only reduce the LPS-stimulated pM-350em4 promoter activity (as for the
pM-190em4 promoter), the increased stability of the Fp-AP-l—AP-l negative-
regulatory complex might prevent promoter activation by LPS, as is observed (figure
16.6).

As I have proposed that binding of transcription factors (other than AP-1) to the

distal region of the MIPla promoter may be dependent on C/EBP family protein
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binding to the proximal promoter, this suggests that the proposed inhibition by LPS-
induced CHOP protein of C/EBP family proteins binding to the proximal promoter
(see earlier discussion) may also result in a loss of transcription factor binding to the
distal promoter, and this possibility is depicted in the model shown in figure 16.5.
Although I do not expect the above model to be entirely accurate, the proposed
co-operative binding of transcription factors to the MIP1a promoter could easily be
tested in EMSAs, using PCR-generated probes encompassing different lengths of the
described regions. Further, as the discussed functional data suggests interactions
between factor(s) binding to the FP-f region of the promoter and the FP-e and FP-d
sites, functional testing of pM-350 promoters containing point mutations of this

region would be informative.

16.10 REGULATION OF MIP1a GENE EXPRESSION BY INTERFERONS.
16.10.1 Negative regulation of the MIP1a promoter in RAW 264.7 cells by IFNY.

IFNy is reported to up-regulate MIPlo mRNA levels 1.5-fold in J774.2
macrophages (Martin et al, 1991). As an induction of 1.5-fold is rather small, this
could perhaps be accounted for by the presence of slightly different levels of fresh
serum in control- compared to IFNy-stimulated cells, which would be in agreement
with my work, in which I found that IFNYy did not induce MIPlaa mRNA in RAW
264.7 cells, and in fact antagonised the LPS- or fresh serum-induced upregulation of
MIP1a mRNA levels in these cells.

Although I have not investigated the effects of IFNY on MIP1a gene transcription
in RAW 264.7 cells, IFNY induces transcription of the IP-10 gene (a PF4 family
member) in RAW 264.7 cells (Ohmori ez al, 1993). Maximal responsiveness of IP-10
gene promoter constructs to IFNYy requires an ISRE element plus two kB elements,
one of which is homologous to the MIP1la promoter kB element (Ohmori et al,
1993), though an IFNY response is still observed when the other, canonical, kB

element is mutated. Hence, the MIP1a promoter, which contains an ISRE (in FP-a,
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figure 16.7) and a kB element (in FP-b, figure 16.4), is potentially responsive to IFNy
treatment of RAW 264.7 cells.

As both LPS and IFNY activate macrophages, and co-treatment of macrophages
with these agents can enhance macrophage activation (Chen et al, 1989), it may
appear counter-intuitive that MIP1a gene expression should be up-regulated by LPS
and that IFNYy should antagonize this induction, especially in light of the IP-10 data
discussed above. Interestingly CRG-10, another PF-4 family gene, is induced by
IFNY-, but not LPS-, treatment of RAW 264.7 cells (Farber, 1992). Moreover, like the
MIPla gene in RAW 264.7 cells, expression of the c-fos early-response gene is up-
regulated (at the level of transcriptional elongation) by LPS- but down-regulated by
IFNYy- (at the level of mRNA stability) treatment- of macrophages (Collart et al,
1991; Radzioch et al, 1991), suggesting MIP1oo mRNA may be destabilized by IFNy
treatment of RAW 264.7 cells.

Though the ISRE of the IP-10 gene is functionally IFNYy-responsive in RAW
264.7 cells, the MIP1la promoter ISRE overlaps several other transcription factor
binding sites, for example those for PU.1/Spi-B and C/EBP family proteins (figure
16.7). Hence, as IFNYy stimulation of RAW 264.7 cells leads to only low levels of
ISRE-specific complex formation in EMSAs (Ohmori et al, 1993), this may not be
sufficient to compete with PU.1/Spi-B or C/EBP family proteins for binding to the
MIP1a promoter FP-a site, so that a transcriptional response of the MIP1a gene to
IFNY stimulation of RAW 264.7 cells may not be observed.

A further interesting possibility, which may occur in addition to the
destabilization of MIP1oo mRNA by IFNY, stems from the fact that, like LPS, IFNy is
cytostatic for macrophages (Vairo et al, 1992), so that IFNYy stimulation may induce
CHOP expression in RAW 264.7 cells (Fornace Jr et al, 1989; Ron et al, 1992),
hence preventing C/EBP family proteins from binding to the MIPla proximal
promoter and thereby down-regulating MIP1o transcription. In this scenario, unlike
LPS, IFNY would not induce positive regulatory C/EBP protein levels, so that no
IFNY-stimulated transient induction of MIPla transcription via C/EBP proteins
would occur. In testing this theory, it is likely that, similarly to the LPS-stimulated
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Figure 16.7: Sequences homologous to MIP1a promoter site FP-a.

Sequence alignment of the MIP1la promoter site FP-a with FP-b (figure 11.1) and
documented transcription factor binding sites ISRE (Fu, 1991), E-box (Metz et al,
1991), C/EBP (Landchultz et al, 1988) and PU.1 (Klemsz et al, 1990), and the CK-1
cytokine promoter motif (Nishizawa et al, 1990; Shannon et al, 1990). (¢) and (nc),
coding and non-coding DNA strands, respectively.

FP-a (c
ISRE ( )
CK-1
E-box
FP-b

FP-a (nc)
C/EBP
PU.1

CCCAGATTCCATTTCCTCATCTGCTAGG
CAGETTCnnTTTCC
gAGATTCCAC
CAnnTG
aatTTTCC

CCTAGCAGATGAGGAAATGGAATCTTGG
atTGCcGCAAL

aAaGAGGAAcC



induction of CHOP proposed earlier, high levels of IFNy would be required to arrest
the proliferation of the RAW 264.7 cells and hence observe any CHOP-mediated
effects.

An interesting extension to this theory is that, in stimulating the removal of
C/EBP family proteins from the MIP1a promoter, IFNY may thereby allow access to
the promoter of other transcription factors whose DNA binding sites were previously
occluded by the binding of C/EBP family proteins to overlapping sites. |
16.10.2 Is the MIP1a promoter ISRE functional in RAW 264.7 cells ?

Preliminary experiments suggest that IFNo/B treatment up-regulates MIPlo
mRNA levels in RAW 264.7 cells, and that pretreatment of these cells with IFNy
enhanced this effect. Further, as the MIP1a promoter FP-a site contains an ISRE, this
suggests that the response may at least in part be at the level of transcription.

Of the IRF family of transcription factors, only the ISGF3y protein interacts with
the IFNo/B-inducible ISGF3c component of the ISGF3 transcription factor, that
positively regulates transcription of IFNo/B-responsive genes via the ISRE element
(Schindler et al, 1992; Fu, 1992; Veals et al, 1992). IFNY pretreatment of multiple
cell types, including the human monocytic cell line U937, up-regulates the levels of
ISGF3y, so that more of this protein is available for interaction with IFNo/B-induced
ISGF3a, thus increasing the magnitude of the transcriptional response to IFNoyf
(Schindler et al, 1992; Fu, 1992; Improta et al, 1992). Although the induction by
IFNY of ISGF3y levels in mature macrophages has not been investigated,
pretreatment of RAW 264.7 cells with IFNy appeared to enhance the induction of
MIPla mRNA by IFNa/B, suggesting that ISGF3y levels in RAW 264.7 cells may be
induced by this pretreatment. A further possibility, in keeping with the above
discussion, is that IFNy pretreatment of RAW 264.7 cells also increases the
accessibility of the MIP1o. promoter ISRE to ISGF3.

As discussed earlier, LPS treatment of RAW 264.7 cells stimulates IFNo/B
secretion, which feeds back onto the cells and induces transcription via ISGF3
binding to ISRE promoter elements. This raises the question of why no ISRE-specific

transcription factor complex (presumably ISGF3) is observed to bind in EMSASs to
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MIP1a promoter FP-a probe using nuclear extracts from LPS-stimulated RAW 264.7
cells ? Examination of EMSAs using FP-a probe and nuclear extracts from RAW
264.7 cells stimulated with LPS over a timecourse (figure 11.9) does reveal a
complex migrating more slowly than complex 1/al after 6 hours of LPS stimulation,
correlating with the known slow migration in EMSAs of the ISGF3 complex
(Schindler et al, 1992; Fu, 1992). However, the relatedness of this FP-a probe
complex to ISGF3 or to C/EBP family proteins has not been examined.

Two reasons for why an ISGF3 complex should not be formed with the FP-a
probe are: 1) the FP-a "ISRE" has 1 bp change from a consensus ISRE (figure 16.7),
and the effects of this difference on the ability of the ISRE to bind ISGF3 have not
been examined; 2) ISGF3 is a tyrosine-phosphorylated protein complex and its DNA
binding is abolished by treatment with a specific tyrosine-phosphatase (Fu, 1992);
this can be prevented by incorporation of 1 mM sodium orthovanadate into the
incubation of the complex with the phosphatase (Fu, 1992). As the preparation of 1
mM sodium orthovanadate is time-consuming, once its presence was shown not to be
required (for example in the study of C/EBP family proteins), it was not included in
buffers used to prepare and analyse proteins present in nuclear extracts. In such
nuclear extracts, the binding of ISGF3 to the MIP1a ISRE would probably not be

observed.

16.11 THE FP-a SITE OF THE PROXIMAL MIP1a PROMOTER.

I have proposed that in unstimulated RAW 264.7 cells, the FP-a site is
predominantly bound by either PU.1 or Spi-B, whereas in LPS-stimulated RAW
264.7 cells it is predominantly bound by C/EBPP1/2/3 (see figure 16.5). In addition,
c-Rel and/or a c-Rel-containing complex present in RAW 264.7 cell nuclear extracts
can bind to FP-a. Furthermore, FP-a also contains an ISRE, and a CK-1 motif, and all
of these proposed or identified transcription factor binding sites are either
overlapping or juxtaposed (figure 16.7).

Generally when two transcription factor DNA binding sites overlap, only one of

those factors can bind to the DNA. However, it has been demonstrated that, though
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the tight juxtaposition of C/EBP- and YY-1 binding sites on the serum albumuin
promoter allows C/EBP to impair the binding of YY-1 to this site in-vitro, the two
factors synergistically stimulate transcription, as YY-1 allows C/EBP to induce
formation of preeinitiation complexes that are stable through multiple rounds of
transcription (Milos et al, 1992). It is therefore possible, for example, that the tight
juxtaposition of the CK-1 site to the C/EBP family- and PU.1/Spi-B binding sites in
the MIPla promoter FP-a sequence may allow DNA binding of a transcription
factor(s) to the CK-1 sequence in the presence of one or other of these adjacently-
bound factors. In support of this is the fact that both the CK-1 motif and C/EBP
family binding site in the murine G-CSF gene promoter mGPE-1 sequence are
directly adjacent, and both are required for LPS-inducibility of this promoter in a
macrophage cell line, although in EMSAs the only observed binding to mGPE-1 was
that by C/EBP family members (my data; Nishizawa et al, 1990).

For the other factors implicated or observed to be able to bind to the FP-a
sequence, to do so in-vivo in macrophages they would be required to displace
PU.1/Spi-B or C/EBP family members. This may suggest that c-Rel and/or
interferon-induced proteins would be more important in the regulation of
transcription of the MIPlo. gene in non-macrophage cell types. For example,
although expressed at only a low level in myeloid cells, c-Rel is expressed at very
high levels in lymphoid cell types (Nakayama et al, 1992). Similarly, most cell types
express cell-surface receptors for IFNy and IFNo/p (Merlin et al, 1985), raising the
possibility that these agents may induce the MIP1a gene via the FP-a site ISRE in
non-macrophage cell-types. Hence, the FP-a site of the MIPla promoter may be
similar to the SRE region of the c-fos early-response gene promoter, which contains
overlapping binding sites for multiple transcription factors, which bind to the SRE in
a cell type-specific and cell stimulus-dependent manner (see chapter 3), thus allowing
transcriptional-responsiveness of the c-fos promoter to multiple signals in a cell type-
specific manner. Interestingly, the c-fos SRE can bind C/EBPP and the helix-loop-
helix protein E12 at overlapping sites, and the FP-a sequence contains the sequence

CATCTG, overlapping the C/EBP family binding site, and this sequence is identical
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to the core of the E12 protein binding site in the c-fos SRE (Metz et al, 1991; figure
16.7). However, in addition to the CAnnTG (the "E-box") sequence, flanking
sequences are important in determining DNA binding of HLH proteins, and E12 does
not bind the CTCATCTG sequence present in FP-a (Metz et al, 1991). Nevertheless,
as the E-box is the core binding site for multiple bHLH and hHLH-LZ proteins (see
chapter 2), this suggests that further HLH proteins could regulate transcription of

MIP1a via the FP-a site in a cell-specific manner.

CHAPTER 17: PERSPECTIVES- WHAT THIS THESIS
SUGGESTS ABOUT THE POSSIBLE ROLES OF MIPlo
PROTEIN IN-VIVO.

17.1 MIP1a. AND THE INFLAMMATORY RESPONSE.

The modulation of MIP1a gene expression in RAW 264.7 cells by LPS, 10%
(v/v) FCS, IFNy, IFNo/p and TGFP is consistent with a role for macrophage-
produced MIP1a in the processes of wound-healing and inflammation, as growth
factors and cytokines, including the above, are produced at sites of injury or infection
(Rappolee ez al, 1989). As MIP1a is chemotactic for monocytes, which are recruited
to inflammatory sites (Schall, 1991; Rappolee et al, 1989), modulation of the

production of MIP1a at such sites may be affect this recruitment of monocytes.

172 REGULATION OF MIPlaa TRANSCRIPTION IN TISSUE-
MACROPHAGES: ARE RAW 264.7 CELLS A GOOD MODEL ?

A feature of RAW 264.7 cells and other cultured macrophage cell lines is that
they are continuously proliferating, while resident tissue macrophages are
differentiated and not proliferating (Gordon et al, 1986); this suggests that the non-
DNA binding negative-regulatory C/EBP family member CHOP (Fornace Jr. et al,
1989; Ron et al, 1992) may be expressed in tissue macrophages. In support of this,
when 3T3-L1 cells, which do not contain CHOP protein, are induced to differentiate

into adipocytes, CHOP expression is induced (Ron et al, 1992). Hence, the possibility
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exists that C/EBPf and -8 are more important in the regulation of the MIP1a gene in
macrophages in inflammatory situations, and that high levels of CHOP in tissue
macrophages may act to "mop-up” excessive negative-regulatory C/EBPB3 or
positive-regulatory C/EBPB1/2/8, so contributing to the maintenance of a low level of
constitutive production of MIP1a protein by macrophages in the bone marrow.

A further intriguing possibility is that, although C/EBP family- and Rel family
proteins may regulate MIPlo transcription in RAW 264.7 cells, the presence of
CHOP in resident tissue macrophages may allow the reprogramming of MIPla
transcription in these cells, such that the gene may be regulated via Some of the
regulatory elements that are obscured by the binding of C/EBP family proteins in
RAW 264.7 cells. Thus, the proposed presence of CHOP in tissue-macrophages and
absence in macrophage cell-lines suggests that RAW 264.7 cells may be a good
model for inflammatory macrophages but not for tissue-macrophages involved in the

regulation of stem cell proliferation.

17.3 MIP1a AND CANCER.

The involvement of several proto-oncogenic transcription factor families, ie. ETS,
Rel, Fos and Jun, in the transcripional regulation of the MIPlo gene suggests a
potential for disregulation of MIPlo gene expression. Furthermore, as I have
suggested that CHOP may play a role in maintaining the correct levels of MIP1o
gene expression in tissue macrophages, the observation that a chromosomal
translocation event that results in production of an abnormal CHOP fusion protein is
characteristic Aof certain human tumour cells (Crozat et al, 1993) suggests the
potential involvement of CHOP in disregulated MIPlow gene expression. If the
presence of MIP1a in the bone marrow is important in the regulation of stem cell
proliferation, excessive production of MIP1a in bone marrow macrophages, due to
the presence of an oncogenic version of one of the above transcription factors or an
“abnormal form of CHOP, would be expected to have important consequences. This

correlates with the observation of elevated levels of MIP1ao mRNA in the peripheral
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blood and/or bone marrow of patients with certain leukaemic- and pre-leukaemic

disorders (Maciejewski et al, 1992; Yamamura et al, 1989).
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