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FIG. 4. Transcription from ALB-p-globin deletion mutants in
dedifferentiated albumin-negative h5 hepatoma cells. This experi-
ment was set up to detect very weak transcriptional activity in
albumin-negative H5 cells. No internal reference plasmid was
added, and the same (30 ,ug) amounts of total cytoplasmic RNA
were used in each lane. These conditions do not make possible
comparison of the transcriptional efficiencies between the various
deletion mutants. Transcripts accurately initiated in the ALB pro-
moter protected a 166-nt fragment. Readthrough transcripts origi-
nating upstream of the ALB promoter protected 201- and 187-nt
fragments (see the legend to Fig. 3) except in the case of the -35
deletion mutant; since the SP6 ALB-,-globin insert comes from this
mutant, unspliced readthrough transcripts are homologous to the
probe over six more nucleotides of linker sequences. For an
unknown reason, the bands generated by the readthrough tran-
scripts at nt 187 and 201 were always much less intense with deletion
mutants -93, -54, and sometimes -151 (see also Fig. 3). We do not
think this reflects an actual decrease in these transcripts because the
corresponding ALB-CAT constructs with no UMS sequence display
a background CAT activity as high as the other mutants in H5 cells.

readthrough transcripts originating upstream of the promoter
tested, in the procaryotic part of the vector. This is reflected
by the surprisingly high level of background CAT activity
that can be observed with the basal promoterless CAT
plasmid: up to 10% of the CAT signal obtained with the SV40
early promoter in certain cell lines, such as H5 in the present
study, versus less than 1% in other cell lines, such as 3T6
fibroblasts. Insertion of promoter sequences in front of the
CAT gene usually lowers this background CAT activity (M.
Dreyfus, A. Klarsfeld, and D. Mathis, personal communica-
tions), probably because readthrough transcripts are less
well translated into CAT protein due to the interposition of a
few more hundred nucleotides between their 5' ends and the
initiation codon. This would interfere with any deletion
analysis of such promoters, leading to progressively higher

contributions of readthrough transcripts to the overall CAT
activity.
To circumvent these problems, we have used a 1-kb

sequence called UMS, which originates from the upstream
region of the mouse c-mos gene (50) and has been shown to
function as a potent transcription terminator (33). We show
that insertion of this sequence upstream of the CAT gene
promoter insertion site completely eliminates any back-
ground CAT activity. When combined with an adapted CAT
assay (see Materials and Methods) this vector makes it
possible to measure activities as low as 1/2,500 of that of the
SV40 early promoter in H5 hepatoma cells and probably
even less in cells of higher transfection efficiency. Thus,
whole series of promoters including weak ones can be easily
and reproducibly tested in virtually any cell line, particularly
one in which a transfection efficiency that is too low makes
systematic RNA analysis difficult.
The rat ALB promoter is 250 times less active in albumin-

negative than in albumin-positive hepatoma cells. We previ-
ously showed that the 368-bp region upstream of the rat
transcriptional start site was sufficient to direct highly tissue-
specific transcription in a transient expression assay (40).
We show here that extending this promoter up to -2-kb
relative to the cap site does not affect its transcriptional
behavior. It is as active as the SV40 early promoter in
differentiated albumin-producing H4II hepatoma cells. The
improved CAT system described above and SP6 RNA
mapping have allowed us to establish that the ALB promoter
is weakly but faithfully operative in dedifferentiated albu-
min-negative H5 hepatoma cells at a level representing 1/250
of that of the SV40 early promoter. It is important to stress
that all non-liver-specific promoters that we have been able
to test, both of viral (SV40 early promoter with or without its
enhancer, Rous sarcoma virus long terminal repeat [19], and
herpes simplex virus thymidine kinase gene [34]) and cellular
(rabbit 0-globin [15], mouse H2K [31], and chicken collagen
type 1 [28]) origin showed relative strengths that were
essentially identical in H41I and H5 cells, whereas any other
two cell lines tested always differed in some respect in their
response to such a panel of randomly chosen promoters
(M.-O. Ott and P. Herbomel, unpublished results). This
illustrates in molecular terms the usefulness of working with
two directly related cell lines (H5 is a direct dedifferentiated
derivative of H41I). It makes it possible to compare directly
the efficiency of the ALB promoter in both cell lines thanks
to this array of common reference promoters and thus to
conclude that it is 250 times less efficient in H5 cells than in
H4II cells. It also means that this 250-fold difference is really
the result of liver-specific regulation and not even partially
the product of random variations in the levels of more
general transcription factors among different cell lines.
We have also shown that this stringent tissue specificity

can be totally bypassed through the cis-action of a non-
tissue-specific enhancer such as that of SV40. This enhancer
increases the ALB promoter efficiency in H5 cells and in
FR3T3 fibroblasts up to its level in H4II cells. This is in
sharp contrast with other tissue-specific promoters such as
those of rat insulin or mouse immunoglobulin heavy- and
light-chain genes which could not (immunoglobulins) or only
weakly (insulin) be activated by such an enhancer in heter-
ologous cells (16, 23, 32, 42). This suggests that, although
highly tissue specific, transcription from the ALB promoter
involves at least some ubiquitous transcription factor(s)
operating upstream of the TATA box that can potentiate the
enhancer effect in heterologous cells. Furthermore, if nega-
tively acting factors interact with this promoter in albumin-
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FIG. 5. Activation of the rat ALB promoter by the SV40 enhancer in heterologous cells. (A) A diagram of the constructs used is shown
on top of the figure. SVE-ALBcat and SVL-ALBcat contain the SV40 enhancer inserted upstream of the ALB promoter in ALBcat, with its
early polarity in the same (SVE) or opposite (SVL) orientation relative to the CAT gene. As in Fig. 2, normalized CAT activities are expressed
as percentages of that obtained with the SV40 early promoter. The activity indicated for the ALB promoter alone is that obtained in the
presence of the UMS sequence upstream. (B) Authentic transcription from the ALB promoter activated by the SV40 enhancer in H5 cells.
Lanes: a and b, ALBcat; c and d, SVE-ALBcat; e and f, SVL-ALBcat. Lanes a, c, and e and b, d, and f correspond, respectively, to two
distinct transfection experiments. Total cytoplasmic RNA (30 jig) was used in each case. Readthrough transcripts protected 201- and 187-nt
fragments (see the legend to Fig. 3). Transcripts initiated at the correct start site in the ALB promoter protected a 166-nt fragment.

negative cells, their effect can be overcome by a viral enhancer.
Critical regulatory elements of the ALB promoter are

present within 150 bp upstream of the cap site. As a first step
to understanding the basis for the tissue specificity of the
ALB promoter, we submitted it to deletion analysis. When
assayed in H411 cells, progressive 5'-deletion mutants indi-
cated that efficient transcription depended on the presence of
a region located between nt -151 and -93. When this region
was deleted, the promoter underwent a 250-fold decline in
transcriptional efficiency but was still able to direct accurate
transcription from the normal start site. A further deletion
removing the CCAAT box element (see below) located at nt
-83 abolished the CAT activity, and no correctly initiated
transcripts could be detected.

In the H5 cell line, all deletion mutants displayed the same
low level of transcriptional activity down to nt -180, and
then this activity decreased gradually down to nt -118 and
more sharply (fivefold) between nt -118 and -93. No CAT
activity or mRNA could be detected upon further deletion.
In other words, no sequence upstream of the nt -151/+16
promoter fully active in differentiated hepatoma cells could
be found to exert any negative regulatory effect in H5 cells
and thus constitute a distinct site for repression in albumin-
negative cells.
Thus, critical regulatory elements should reside within 150

bp upstream of the transcriptional start site. Sequence
comparison of this region of rat, mouse, human, and espe-
cially chicken albumin genes as a more distantly related
species may help locate the relevant sequence elements (Fig.
6). Apart from the typical homology centered on the

TATATTA box at nt -20/-31, three conserved domains
clearly appear. One is centered on the CCAAT homology (nt
-74/-85), and two more upstream domains, respectively, at
nt -95/-102 and nt -111/-123. A CCAAT sequence always
centered on position -80 has been shown to be crucial for in
vivo transcription of the mammalian globin genes (5, 15, 35),
the herpes simplex virus thymidine kinase gene, and from
the long terminal repeat of mouse sarcoma virus (20a).
Finally, two groups identified in HeLa cells and rat liver
extracts, respectively, a nuclear factor that binds to the
PuPuCCAAT consensus sequence of these latter two genes
(22, 29) and which is required for efficient in vitro transcrip-
tion of the herpes simplex virus thymidine kinase gene.
Since the three mammalian ALB promoters sequenced so far
display a perfect PuPuCCAAT sequence at the optimal
position (-85 to -79), it is likely that the CCAAT box
binding protein is involved in ALB promoter transcription in
vivo. This may be at least one reason why the internal
deletion of nt -80 to -35, which deletes the 3' moiety of the
CCAAT sequence, abolishes transcription.
The two more upstream conserved domains at nt

-95/-102 and nt -111/-123 are both contained in the
-151/-93 region that we show to be the most upstream
region crucial for promoter activity. More precisely, deletion
from nt -151 to -118, which leads to a 17-fold decline in
transcriptional efficiency in H41I cells, deletes part of the
-111/-123 conserved domain, whereas deletion from nt
-118 to -93, which leads to a further 15-fold decline in
transcription, deletes the -95/-102 conserved element.
Therefore, these two conserved domains are likely to be
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-150 -140 -130 -120 -110 -100 -90 -80 -70
1 1 1 I I I I

RAT ALB: GGGATTTAGTTAAACAACTTTTTTTTTTC TTTTTGGCAAGGA TGG-TATGA- TTTTGTAA -TCGGTGTAGGACCAA-T-GAAAT GAAAGGT
MOUSE ALB: GGGATTTAGTCAAACAA-----------C TTTTTGGCAAAGA TGG-TATGA- TTTTGTAA -TGGGGTAGG AACCAA-T-GAAAT GCGAGGT
HUMAN ALB: GGGATTTAGTCAAACAA-----------T TTTTTGGCAAGAA TAT-TATGAA TTTTGTAA -TCGGTTGGC AGCCAA-T-GAAAT ACAAAGA
CHICKEN ALB: CAAATAATATCAAATTCA .----------- TTTTTGGCAAGGA GCACTCCAAG TTTTGTAA|ATC--TTCA- GACCAAATGGAAAT CTACAAT

DE II DE I

-60 -50 -40 -30 -20 -10 +1
I I I I IgI

RAT ALB: T--AG-TGT---GGTTAATGATC--TACA-GTTATTGGTTAGAG AAGTATATTAG AGCGAG--TTT--CTCT---GCACAC ACCACCT-
MOUSE ALB: A--AG-TAT---GGTTAATGATC--TACA-GTTATTGGTTAAAG AAGTATATTAG AGCGAGTCTTT--CT-----GCACAC AG ATCACCT-
HUMAN ALB: T-GAG-TCT--A-GTTAATAATC--TACAA-TTATTGGTTAAAGAAGTATATTAG TGCTAA--TTTCCCTCCGTTTGTCCT A CTTTTCTC
CHICKEN ALB: GCCAGCTCTACAGGT-AATGTTTTACAGAAGCAGTCAG-TAA-- AGTATATAAG AAAATGA-TTTCCCTCAATC-ATCCT AG CATTTTTG

+10 +20 +30 +40
1 I

+50

RAT ALB: TTCCTGTCAA-CCCAC--T-GCCTCTGGCACA ATGAAGTGGGTAACCTTT
MOUSE ALB: TTCCTATCAACCCCAC--TAGCCTCTGGCAAA ATGAAGTGGGTAACCTTT
HUMAN ALB: TT-CTGTCAACCCCAC--ACGCCTTTGGCACA ATGAAGTGGGTAACCTTT
CHICKEN ALB: AATAATTTAG-CCCACATCATAATCTGCAGCC ATGAAGTGGGTAACATTA

FIG. 6. Conserved sequences in the 5'-flanking region of the albumin gene among different species. The 151 nt upstream of the cap site
of the rat albumin gene sufficient for highly tissue-specific expression, as well as some of the transcribed region, are aligned with the
homologous region for the mouse (S. Tilghman, personal communication), human (49), and chicken (24) albumin genes. The transcriptional
start site and the nucleotide blocks conserved among the four species are boxed. The nucleotide numbering is that of the rat sequence.

crucial elements for positive regulation of ALB promoter
transcription. We shall refer to these -95/-102 and
-111/-123 conserved domains as distal elements I and II
(DEI and DEII), respectively.
Comparison of the effects of the deletions on ALB pro-

moter activity in H4II and H5 cells may help us to under-
stand which domains of the promoter act in a tissue-specific
manner. The major positive effect inactivated by the
-151/-118 deletion is clearly restricted to H411 cells. In
contrast, the -118/-93 deletion, which has a major effect in
H41I cells, clearly also affects the low promoter activity in
H5 cells (5-fold decrease versus 15-fold decrease in H4I1
cells). In other words, the effect of the -151/-118 deletion is
more tissue specific than that of the subsequent -118/-93
deletion. Finally, the -93 deletion mutant, although very
poorly active, is still 10 times more efficient in H41I than in
H5. This suggests that one more determinant of tissue
specificity is contained between the CCAAT box and the
transcriptional start site.

Recently, Cereghini et al. (manuscript submitted) detected
in rat liver extracts two distinct factors that bind to the
upstream conserved sequences DEI and DEII. From this
and the data discussed above, a possible picture of the
tissue-specific ALB promoter emerges in which at least four
transcription factors would interact with its upstream region:
(i) a tissue-specific factor binding to DEII around nt -118,
(ii) a second, possibly less-tissue-specific, factor binding to
DEI around nt -98, and (iii) a ubiquitous factor, the CCAAT
box binding protein, that would bind to the CCAAT box
around nt -80. These three factors would exert positive
effects and would be in sufficiently close proximity to
interact directly with each other. (iv) We postulate at least a
fourth tissue-specific factor binding between the CCAAT

box and the TATA box to account for the clear contribution
of this region to the overall tissue specificity.
The critical involvement of this 150-bp region in albumin

gene transcription in the adult liver is further supported by
the following observation. Extracts from adult liver that can
selectively transcribe the albumin gene in vitro do need
about the same region for full activity (20a). Therefore, we
think that the picture derived here from results obtained in
hepatoma cells in culture does reflect actual traits of albumin
gene transcription in the adult liver.
On the other hand, we would like to suggest that a

different transcriptional regulation might take place at earlier
developmental stages of the liver. In an earlier study, we
showed that the rat ALB promoter used here is not func-
tional in mouse BW1-J hepatoma cells which, however,
produce albumin (40). We suggested then that the rat ALB
promoter might not be able to interact properly with tran-
scription factors from the mouse. We now know that this is
not the case. An equivalent fragment of the mouse gene
behaves in the same way as its rat homolog in every cell line
tested (M.-O. Ott and P. Herbomel, unpublished results). In
fact, the ALB promoters used in this study seem to be
functional only in albumin-positive hepatoma cell lines such
as H4II which express neonatal or adult-type differentiation
markers, while remaining silent in albumin-positive hepa-
toma cell lines such as BW1-J that only express fetal markers
(6). This suggests that expression of the albumin gene in fetal
liver might involve regulatory sequences situated outside of
the 2 kb of 5'-flanking sequences screened here.
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