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ABSTRACT

A 6-kilobase fragment extending at the 5'-end of the c-erbB2 proto-
oncogene was isolated from a normal human fymphocyte genomic DNA
library. The full-length fragment and five subfragments with identical
3’-ends were obtained by progressive umidirectional deletion from the
5'-end and were cloned in front of the luciferase reporter gene. The hybrid
genes were analyzed for transcriptional activity in homan mammary celf
lines synthesizing low (HBL-100 and T-47D), moderate (MDA-MB-453),
or high (BT-474) amounts of the c-erbB2 mRNA and were also analyzed
in HeLa celis. Gene-specific expression was observed, indicating the pres-
ence of multiple cis-acting sequences in the c-erbB2 promoter. A major
negative element is located in the —2- to —4-Kilobase region. It is flanked
on both sides by positive elements that display enhanced transcriptional
activity in the BT-474 tumor cells only. While predomirant in the fow-
expressing cells, the effect of the repressor appears to be overcome by the
distal transactivator in the high-expressing BT-474 cells, resulting in 2 15
to 50 times increase in luciferase activity relative to the HBL-100 apd
T-47D cells, respectively. Cefl-specific expression relies on the frans-acting
factors present in the different cell lines. The formation of cell-specific
protein-DNA complexes was demonstrated by gel retardation assay.

INTROBUCTION

The c-erbB2 gene codes for a fransmembrane protein structurally
related to the epidermal growth factor receptor (1). Different rat and
human cell lines were found to synthesize possible ligands for the
c-erbB2 receptor (2-12). Interaction between estrogen and the
c-erbB2 receptor was also reported (13).

The oncogenic activation of the c-erbB2 protooncogene in 20-30%
of primary human breast {14, 15) and ovarian (15, 16) cancers results
in abnormally elevated amounts of the nonmutated receptor on the cell
surface. It appears through the amplification of the c-erbB2 gene
and/or the accumulation of the c-erbB2 mRNA. In many primary
beast cancers {135) and mammary adenocarcinoma cell lines (17), the
overexpression of the messenger is much more elevated than and not
proportional to the gene copy number, indicating that mechanisms
other than gene amplification must be involved. Even though the
c-erbB2 overexpression is aceepted today as a factor of poor progno-
sis (14, 15, 18, 19), the reasons for this overexpression remain
unknown.

Previously, we have compared different mammary cell lines either
overexpressing c-erbB2 mRNA (BT-474, SK-BR-3, and MDA-MB-
433) or not (HBL-100, MCF7, and T-47D; Refs. 20 and 21). We have
shown that a posttranscriptional stabilization of the messenger in the
BT-474 tumor cells is unlikely, since the c-erbB2 mRNA half-life is
similar in HBL-100 and BT-474 cells. Moreover, run-on analysis has
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indicated that the in vitro c-erbB2 mRNA transcription rates are
approximately 20-40 times higher in the BT-474 and SK-BR-3
cornpared to the HBL-100 cells, suggesting that the deregulatory
events lie rather at the transcriptional level (21}, Similar conclusions
were drawn by others from a comparison of the ZR75-1 and HBL-10¢
cell lines (22).

The protein and DNA clements contrelling the breast-specific ex-
pression of the human c-erbB2 gene are not well known. Some
regulatory sequences found to be active in the rat or mouse neu gene
(23-26) are conserved in the human gene, but their effective role
remains to be demonstrated. The available information concerns only
the first 1 kilobase of the c-erbB2 promoter and proceeds from
transfection experiments performed in animal cell lines (27, 28) or in
human cells which do not express the natural c-erbB2 gene (29). A
comparison of erbB2-CAT reporter genes in T-47D and ZR75-1
mammary cell lines was recently published by Hollywoad and Hurst
(22). An OB2-1 transcriptional activator binding to the 212-base pair
proximal promoter was found more important in overexpressing
tumor cell lines. '

The originality of our approach has been to isolate a 6-kilobase
fragment of the c-erbB2 promoter and to compare its transcriptional
activity in four mammary cell lines synthesizing elevated (BT-474),
moderaté (MDA-MB-453), or low (T-47D and HBL-100) amounts
of the c-erbB2 mRNA. The highest expression levels were
measured in the overexpressing BT-474 cells. Five reporter vectors
derived by progressive deletion of the c-erbB2 promoter were also
analyzed in order to delineate more precisely the transcriptionally
active domains. Multiple positive and negative cis-acting elements
were found along the 6-kilobase fragment of the c-erbB2 promoter.
Their contribution to the expression the erbB2-LUC™ 1eporter genes
varied depending on the cell lines, suggesting differences between
the populations of trans-acting factors. This was confirmed by gel
retardation experiments.

MATERIALS AND METHODS

Cell Lines. The HBL-109, T-47D, MDA-MB-453, and BT-474 human
mammary epithelial cells and the HeLa human cervix epithelial cells were
purchased from American Type Culture Coliection and cultured in recom-
mended media supplemented with 5% fetal calf serum, 2 mM glutamine, and
190 wg/ml penicillin/strepiomycin. The HBL-100 cell fine was established
from the milk of a nursing mother with no breast lesion. The T-47D, MDA-
MB-453, and BT-474 cell lines were derived from primary breast adenocar-
cinoma.

Reporter Vectors. A 150-base pair EcoRI-Neol probe enceding the 5
untransiated sequence of the ¢-erbB2 mRNA was used to screen a normal
human lymphocyte genomic DNA library constructed in the EMBL3 vector
{Clontech). The AEB2 clone containing a 13.5-kilobase fragment was purified
and characterized by restriction mapping. It encoded the c-erbB2 promoter and
the first four exons. By chromosome walking, an overlapping clone extending
further upstream from the AEB2 5'-end was isolated from Maniatis’s library
and characterized (30). Six reporter vectors were constructed containing frag-

? The abbreviations used are: LUC, luciferase; HSV, herpes simplex virus; ik, thymi-
dine kinase; RLU, refative light units.
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ments of increasing size (255 w 6047 base pairs} of the c-erbB2 promoter
cloned in pXP2 (31) in front of the LUC gene. 1n each erbB2-LUC reporter
geng, the junction between the c-erbB2 and LUC fragiments was sequenced
using the T7 Sequencing Kit (Pharmacia).

To construct the prk-LUC plasmid, a 198-base pair Hindll{-Xhol fragment
containing the SV sk promoter isolated from the pBLCAT2 plasmid (32) was
cloned between the corresponding sites in the pXP2 polylinker. The 1769-base
pair Xhol-HindID} fragment of the c-erbB2 gene extending —4 to —2 kilobases
upstream from the transcription start site was inserted in buth orjentations in
front of the tk promoier at the HindITl unique restriction site of the prk-LUC
plasmid. The resulting vectors were called pR2s th-LUC and pR2as tk-LUC.

Transient Transfection Assay. One X 10° HBL-100, T-47D, and BT-474
cells, 1.5 X 10° MDA-MB-453 cells, and 5 X 10° Hela cells were plated in
60-mm tissue culivre dishes and grown in recommended medium supple-
mented with 3% fetal calf serum for 24 h. The parameters for transient
transfection by the lipofection method using the DOTAP reagent (Boehringer)
were optimized for every cell line separately. Briefly, the cells were incubated
for 3 h (HBL-100), 17 h (BT-474, T-47D, and Hela) or 24h (MDA—MB—453)
in 3 ml of media comaining 15 pg DOTAP/S g DNA mixtures. After
replacing the transfection media by fresh media, the HeLa cells were incubated
further for 8 hand the mammary cells for 24 h. Cells were harvested, and the
enzymatic activities were measured in the cell jysates. The LUC enzymatc¢
activisies were measured according to Nguyen €7 al. (33) using a lwminometer
(Besthold 9501) and were expressed in RLU. The protein contents of the cell
extracts were quantitated using the Micro BCA Protein Assay Reagent
{Pierce).

The pXPZ, pSV2-LUC, and pCMVIE—LUC reporter genes were syslemati-
cally transfected in separate dishes in each experiment. The promoteriess pxP2
plasmid was used as a negative control for LUC activity. The pSV2-LUC and
pCMVIE-LUC plasmids are positive controls, allowing assessment of the
reproducibility of the transfection.

Statistical Analysis. In 2 typicat ransfection experiment, each reporier
vector was transfected in triplicate in the five cell lines. The iransfection
experiments were repeated at least three times.

LUC activities were transformed to a log-scale 1o estimate the skewness and
normalize their distribution. All subsequent statistical calculations were per-
formed on the log values. Two-way analysis of variance with repeated mea-
surements was applied to assess the effect of genes and experimentai condi-
tions on LUC activity in each cell line. The interaction between the two factors
was fested. We also compared the between and the within experiment vari-
abiiities. Results were considered statistically significant at P < 0.05 (34). The
geometric mean of LU aciivity (e, the exponential of the mezn of the log
values) was computed for each cell line per geae combination.

Bandshift Assay. Nuclear proteins were extracted from the HBL-100,
BT-474, and HeLa cells according to Dignam {35). The 2069-base pair long
c-erbB2 promoter was digested into 11 restriction fragments that were end-
labeled with the Klenow fragment of DNA polymerase. Gel retardation assays
were performed with the BandShift kit according to the instructions of the
manufacturer (Pharmacia). Briefly. radiolabeled fragments of the c-erbB2
promoier (10,000 cpm) were incubated with 5 ug of total nuclear protein, 1 (£
of poly(dl-dC)-poiy(dIde). and a 150-350 molar excess of DNA compefitor.
The specific competitor was the corresponding untabeled c-erbB2 fragment.
The nonspecific competitor was 277-base pair long fragment of the pBlue-
script plasmid. The reaction mixtures were incubated for 20 min at room
temperature and then electropboresed at I00M temperature through a 5%
polyacrylamide gel, which was dried and analyzed by autoradiography.

RESULTS

Construction of the erbB2-LUC Reporter Genes. The partial
restriction map of the genomic DNA fragment extending 6185 base
pairs upstrear from the c-erbB2 cranslation initiation site is shown in
Fig. 1A. The Smal site located at the pesition 138 relative to the
ATG was changed to a unigue Sacl site in order to facilitate the
isolation of c-erbB2 promoter fragments sharing identical 3'-ends.
These were inserted in the pXP2 polylinker (31) in front of the LUC
gene (Fig. 14). The six erbB2-LUC reporter gencs contain the EcoRI-
Sacl (6047-base pair). Xhol-Sacl (3838-base pair), HindI-Sacl

A.
sacl
EcoRl H3 W3 X X Ps K H3 Py § Ps S
1l [ 1 | ] 1.1
-6185 -138
B Bamtl, Hindil, Safl, smal, Kpnl, Sach Xhol, Sglll
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(6047) S
Xho! * ATG
(3838),
pSSSS-LUC
ML Hingtil % ATG
{pose p2l369-LUC
Pvull % ATG
o __y[mesic
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(537)
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Fig. 1. A the position of the EcoR1, HindIIL (H3), Psil (Ps), Puull (Pv), Kpnl (K).
Sact, Smaj {§), and Khel (X) restriction sites are indicated in the c-erbB2 promoter
relative 10 the translation start site. In the pXP2 plasmid, the LUC coding sequence is
fianked by a polylinker, the SV40 iniron (A) and three SV40 polyadenylation signals
{An). B, the erbB2-LUC reporter genes contain fragments of increasing size of the c-erbB2
promaier {fine) subcloned into pXP2 in front of the LUC coding sequence (open box). The
jength of the c-erbB2 inserts is measared starting o the Sacl site (+ 1), which replaces the

natural Smal site located at the — 138-base pair position. The major transcriptional start

site (%), the LUC transtation start site (ATG), and Lhe restriction sites used for cloning are
indicated. The sequence of the c-erbB2/LUC junction is reported.

(2069-base pair}, Pyull-Sacl (756-base pair, Smal-Sacl {537-base
pair}, and Psti-Sacl {255 base pair) fragments of the c-erbB2 pro-
moter, respectively (Fig. 1B). The erbB2-LUC junctions were se-
quenced and found identical in the different constructions. Assuming
that the transcription of the erbB2-LUC reporter gencs would take
place at the major c-erbB2 transcription start sit described by Ishii e
al, (27) and Tal ef al. (28}, the 5 ungranstated region of the hybrid
essenger should contain 40 nucleotides from the c-erbB2 gene and
37 nuclectides from the LUC gene.

The T-47D, MDA-MB-453, and BT-474 Tumor Mammary
Cells Are Transfected with Similar Efficiency. The transcriptional
activity of the promoter fragmenis inserted in the reporter vectQrs wis
estimated through the measure of LUC activities in the transfected
cells. These activities are controlled by transcription factors present in
the nuclei. However, they are also, depending from the amounis of
reporter plasmids, effectively captured by the cells during the trans-
fection experiment. As we were interested in comparing the expres-
sion of the different erbB2-LUC chimeric genes in different mammary
cell Yines, it was important to estimate the relative transfection effi-
ciency of those cells, For that purpose, the pSV2-LUC and pCMVIE-
LUC reporier genes wete systematicatly included in each assay in
order to control both the reproducibility and the efficiency of the
transfection. Geometric mean values of LUC activiiies measured in
the different pSV2-LUC and pCMVIE-LUC transfected cells are dis-
played in Tabie 1. Mean values {(£SDs) of the log LUC activities are
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Table 1 Transient expression of the LUC reporter genes in human mammary and cervix cell lines

Results are expressed as geometric means of LUC activities (RLU/mg of protein X pmol of reporter plasmid). Mean values of the log LUC activities *= SDs are indicated in

parentheses.

LUC activities

Reporter gene HBL-100 T-47D MDA-MB-453 BT-474 HELA
pEP2 3,200 2,200 1,600 3,700 3,600
(8.06 *0.24) (7.68 *0.28) (7.37 2035 (8.22 +023) (8.20 * 0.26)
pSV2-LUC 660,000 1,330,000 3,610,000 1,200,000 7,280,000
(134 £030) (141 £042) (15.1 £ 0.57) (14.0° = 0.60) (15.8 = 0.42)
pCMVIE-LUC 3,610,000 14,700,000 26,700,000 21,900,000 36,000,000
(151 £ 0.45) (16.5 = 0.43) (171 =40.78) (169 *0.64) (174 = 0.61)
p255-L0C 19,00¢ 4,300 10,200 26,900 297,000
{9.85 +048) {8.36 = 0.31) (923 £ 041) (102 = 0.49) {312.6 £030)

also indicated in parentheses. Differences in the populations of nu-
clear trans-acting proteins are illustrated by the ratios of the CMVIE
to SV40 activities, which vary from 5 to 11 according to the cell line.
However, the CMVIE and SV40 promoters display transcripiional
activities of the same order of magnitude in T-47D, MDA-MB-453,
BT-474, and HeLa cells, suggesting similar transfection efficiencies
of these cells. Lower expression levels of the viral promoters were
measured in the HBL-100 cells.

The alternative approach for comparing the transfection efficiencies
was the cotransfection of a pRSVZ reporter gene as an internal control.
This was tested and found inappropriate, essentially because the weak
expression levels of the pRSVZ plasmid varied, depending on the
cotransfected plasmid. Normalizing the expression of the different
reporter genes to the B-galactosidase internal standard would have
resuited in experimental artifacts. The same observation had already
been described (36).

A third approach was to quantitate by dot-blotting the amounts of
reporter vector DNA introduced in the different cell lines. Lower
signals were detected in the HBL-100 than in the other cells, con-
firming that the transfection efficiency of the HBL-100 cells was
fower {data not shown).

The 255-Base Pair c-erbB2 Promoter Displays Similar Tran-
scriptional Activity in the HBL-160, MDA-MB-453, and BT-474
Mammary Cell Lines. The expression of the p255-LUC reporter
vector was compared in five human mammary cell lines synthesizing
different amounts of the c-erbB2 gene product and in Hel.a cells. The
LUC activities were compared to the levels obtained in parallel
transfections with the promoterless pXP2 plasmid to give a measure of
promater activity (Table 1).

The p255-LUC construct had similar activity to pXP2 in T-47D
cells. Comparable levels of LUC activities, six to seven times over the
background values, were measured in the three other mammary cell
lines independently of their c-erbB2 mRNA contents. The highest
LUC activity was measured in Hela cells, where it was increased by
a factor of 77 above the control. The c-erbB2 mRNA in these cells is
almost undetectable.

The 219-Base Pair Pvull-Smal Fragment Contains an Activat-
ing Sequence Particularly Active in BT-474 Cells, We have
searched for additional regulatory ¢lements located upstream from the
Psil site in the c-erbB2 promoter. To facilitate their comparison, we
have calculated, for every cell line, the ratios between the LUC
activities induced by each reporter vector and the p255-LUC reporter
gene. The results are presented in the Fig. 2. Positive ¢lements were
found in the Pvull-Psil fragment. The statistically significant stimu-
latory effects are marked by asterisks. The Smal-Pstl fragment con-
tains a transcriptional activator (A1), responsibie for a doubling of the
LUC activity in the p537-LUC transfected T-47D cells. The Pvull-

Smal fragment contalns an activator (42) fusctional in all the celi
lines. A striking difference appears between the BT-474 cells, where
the LUC activity was induced by a factor of 29; in the other cells, a
2.6- to 4.9-fold induction was measured.

The —2- to —4-Kilobase Region Contains a Repressor Elernent
Functional in All the Cell Lines, The HindII-PyuHl fragment was
the only one that displayed opposite transcriptional activities, depend-
ing on the cell type. It significantly increased the LUC activity in the
HBL-100 cells. But to the contrary, it significantly reduced the tran-
scription in the MDA-MB-453 mammary tumor cells. This suggests
that this promoter fragment should contain two binding sites for an A3
activator and an R repressor.

The Xhol-Hindlll fragment of the p3838-LUC vector may contain
a negative element (R2), antagonizing the transactivation by the
downstream regulatory sequences in the HBL-100, T-47D, BT-474
and HeLa cells. It is noteworthy that the LUC activities never de-
creased below the levels measured with the proximal promoter.

The ability of this 1769-base pair fragment to inhibit gene iran-
scription was fested on the heterologous HSV tk promoter. Reporter
vectors either containing the R2 repressor in front of the HSV #
promoter or not were constructed and iniroduced in parallel in Hel.a
cells (Fig. 3). The HSV # promoter is 10 and 100 times less active
than the SV40 and CMVIE viral promoters, respectively (data not
shown). A 70% inhibition of the HSV fk promoter activity was
observed when the repressor was inserted in the 5'-3 orientation in
front of the HSV tk promoter. When inserted in the opposite orienta-
tion, the repressor did not modify markedly the HSV # promoter
activity.

A Distal Activator Is Functional in the BT-474 Cells. The re-
pressing effect of the Xhol-Hindlll fragment may partially be reversed
by a regulatory element located upstrearn from the Xhol site. Inter-
estingly, this occurred only in the BT-474 cells, where the LUC
activity was increased by a factor of 14 compared to the p255-LUC
control level. The BT-474 cells may contain an A4 activator binding
the —6- 1o —4-kilobase region of the c-erbB2 promoter. As the LUC
activity in the p255-LUC transfected BT-474 was 26,900 RLU/(mg
protein X pmel of DNA) (Table 1), the stimulated LUC activily
reached 376,600 (26,900 % 14) RLU/{mg protein X pmol of DNA) in
the p6047-LUC transfected cells. The A4 activator would be absent or
inactive in the other cell lines, where the longest construct, p6047-
LUC, had similar activity to the p255-LUC plasmid. Indeed, LUC
activities of 7,740 (4,300 X 1.8), 11,220 (10,200 x 1.1} and 28,500
(19,000 X 1.5) RLU/(mg protein X pmol of DNA}) were measured in
the p6047-LUC transfected T-47D, MDA-MB-453, and HBL-100
cells, respectively. In conclusion, the expression of the p6047-LUC
reporter gene appeared 13 to 50 times higher in the overexpressing
BT-474 cells compared to the three other mammary cell lines.
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Fig. 2. The LUC activities measured in the different transfected celis were compared to
of LUC activity. The results are summarized af the botiom of the figure; the regions when
indicated.

The HBL-160, BT-474, and HeLa Nuclear Proteins Display
Specific DNA Binding Activities. The 2069-base pair HindIII-Sacl
fragment was analyzed by bandshift assays for its ability to form
specific protein-DNA complexes. Eleven radiolabeled subfragments
were incubated with crude nuclear extracts from exponentially grow-
ing HBE-100, BT-474, and HeLa cells (Fig. 4). Nuclear proteins
bound to the four fragments covering the first 537 base pairs of the
proximal promoter. An almost uniform pattern of retardation was
observed that reflected the wniform LUC activities measured in the
transiected cells. Representative retarded migrations are presented in
Fig. 5. Two complexes migrating closely to each other were present in
simifar proportions in the incubation mixtures containing the Psd-
Bsshil fragment and nuclear extracts from the three cell lines. A third,
stowly migrating complex of weaker intensity appeared only with the
Hel.a cells extracts (Fig. 54).

Fig. 58 presents the results obtained with the Purdl-Acel located in
the region responsible for the strong transactivation of the LUC gene

Fig. 3. The XTol-HindlT fragment containing

he minimal promoter directed LUC activity. The asterisks indicate significant modulations
e the activators (A) and repressors (R) are suppased 10 bind to the c-erbB2 promoter are

in the p756-LUC-transfected BT-474 cells. Interestingly, different
patterns of retarded complexes were observed in the three cell lines.
Two slowly migrating complexes were detected with the HeLa cell
extracts. The mammary cell extracts contained additional, faster mi-
grating complexes, One complex seemed common to HBL-100 and
BT-474 cells, but the second appeared predominant in the later cells,
The size of the bound protein was probably smail as the complex
moved just behind the free radiolabeled DNA.,

Among the six fragments located upstream from the Puull site, only
three were able to bind nuclear proteins from the Hel.a cells (Fig. 4).
They formed complexes similar to those observed in the BT-474
cellular extracts. Retarded complexes specific for the HBL-100 celis
were systematically observed. The Hinfl fragment was recognized
only by proteins from the HBL-100 cells. The heterogeneity of the
observed retarded complexes reflected the opposite transeriptional
effects driven by the HindIlI-Pvulf fragment in the HBL-100 cells and
in the other mammary celis.

the R2 pegative element of the c-erbB2 promoter

Hsva | peLtC ]

was inserted in both orientations in front of the

HSV tk premoter in the prk-LUC reporter vector.
The LUC activities were measured in the Hela
ceils transfected with the different reporter

pR2s tk-LUC

vectors. The results are presented as  the
percentages of the control value measured in the

SVtkaR2as HLUC|

pek-LUC-transformed  cells. They represent the
average of three separate experimens,

Percent of control
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DNA-hinding activity to the 2069-base pair HindIIl- ! i
Sacl region of the c-erbB2 promoter. Eleven sub- H
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lowing restriction  enzymes: Accl {A; —3594,
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—861, ~1095); Hind[ll (H3; —2069);, Hinfl (I,
—1544, —1819); Psl (Ps; —255); Pvall (Pv;
—756) and Smal (§; —537). Their cleavage sites,
indicated in parentheses, were calculated relative to
the Sacl site located at the c-erbB2-LUC junction.
+ and — signs, the presence and absence of specific
DNA-proteins retarded complexes, respectively.
The asterisks signify that additional specific band-
shifts were observed in the considered cell line.
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PISCUSSION

Whereas the homelogous rat neu gene is activated by poin{ muta-
tions in the transmembrane domain (37), the human c-erbB2 gene
does not seem mutated (15, 38). The oncogenic properties of the
human c-erbB2 gene are correlated by the presence of abnormally
elevated amounts of the receptor on the cell surface. This seems to
provide the tumor cells with some growth advantage (39—41) and is
correlated with a poor clinical outcome (14, 18) and aggressive tumor
behavior (42). The overexpressed receptor is constitutively hyper-
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Fig. 5. The radiolabeled Psid-BsshE (A) and Prull-Acc (B) fragments of the c-erbB2
promater were incubated with crude protein extracts from HBL-100, BT-474, and HeLa
cells in the absence {0} or the presence of specific (SC) or nonspecific (NSC) competitor
DNA. The ratio belween the competitor and the radiolabeled fragment concentration
(C/F) are reported. Lane F, migration of the uncomplexed DNA. Arrows, positions of
specific protein-DNA retarded complexes.
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phosphorylated, suggesting that it might be active even in the absence
of the ligand (43, 44).

Previous studies based on the comparison of the c-erbB2 mRNA
half-tife and on run-on transcription assays have demonstrated that the
accumulation of the c-erbB2 mRNA in the BT-474, SK-BR-3, and
ZR-75 cells resulted from the transcriptional deregulation of the
c-erbB2 gene expression (21, 22). The molecular alterations respon-
sible for this overexpression remain unknown,

To address this question, a 6-kilobase full-length fragment and five
subfragments of the c-erbB2 promoter were used to construct LUC
reporter genes. Their expression was compared in different human
mammary cell lines synthesizing low {HBL-10(, T-47D), moderate
{(MDA-MB-453), or high (BT-474) amounts of the c-erbB2 mRNA
and in HeLa cells.

Our shortest chimeric gene confains a 255-base pair Psil-Sacl
c-erbB2 promoter that represents probably a minimal promoter. A
similar construction, where the c-erbB2 promoter was shortened to
100 base pairs, was inactive in the T47-D and ZR75-1 cells (22). The
P255-LUC reporter gene was expressed in four mammary epithelial
cell lines, similar to many other cefls (27-29, 45). Muitiple binding
sites for ubiquitous trasscription factors such as Spl, E4TF1, AP2,
and OTF-1 are Iocated in this region (26). This could explain why this
fragment is functional in a large variety of cell lines. The rather
uniform pattern of retarded complexes observed in bandshift assays
confirms that nuclear proteins are common to the different cell lines.
Their concentrations may be variable, explaining the different levels
of LUC activities between the five cell lines. The transcriptional
activity of the 255-base pair promoter can be modulated under pa:-
ticular conditions. Negative autoregulation of the neu gene (40) and
transcriptional repression by the c-myc (24) and adenovirus 5 EIA
gene products {23} and by estrogen-stimulated estrogen receptor (45)
are mediated by cis-acting elements located in the proximal promoter.

Our study has demonstrated that the c-erbB2 upstream region
contains positive and negative regulatory elements. A transcriptional
activation directed by a sequence located in the —756- to —537-base
pair region was observed in all of the cell lines. A 2.6-, 3.6-, and
4.9-fold induction of LUC activity was measured in the HBL-100,
MDA-MB-453, and T47-D cells, respectively. Hollywood and Hurst
(22), who have transfected similar erbB2-CAT chimeric genes, did
not report any variation of the promoter activity in the T-47D cells.
These differences might be due to the lower sensitivity of the CAT
reporter system. The stimulatory effect is much higher in the over-
expressing BT-474 cells. Footprinting analysis are currently per-
formed to compare the DNA seguences recognized by the nuclear
proteins in the different cell lines. The BT-474 celis may contain a
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particulas (ransactivating factor. Alternatively, a transcription factor
common to the different cells could be either more abundant or more
active in the BT-474 cells.

Two negative regulatory elements were tocated in the —756- to
—4-kilobase region of the c-erbB2 gene. Their presence may not be
surprising, since the gene expression is very low in normal adult
tissues. The synthesis of the c-erbBZ mRNA is normally restricted to
fetal epithelial celis of the kidney, lung, gastrointestinal tract, and
placenta at term and tends to decrease in the corresponding normal
adult tissues (47). Repressors may be necessary 10 inhibit the tran-
scription of the c-erbB2 gene in the low-expressing celis.

A first repressor (R1), laocated between —756 and — 2069 base pairs
was functional only in the MDA-MB-453 cells. A second 1epressor
(R2), located in the —2069- to —3838-base pair region was functional
in the other celi lines. Two negative elements were found at approx-
imately the same positions by two independent studies. One was
localized in the rat {position, —0.6 to 1.6 kilobases: Ref. 48) and the
other in the mouse (position, —2 to 6 kilobases; Ref. 49) neu genes.
The progressive decrease of LUC expression in the p2069-LUC- and
p3838-LUC-tzansfected BT-474 cells suggests 2 cooperation between
the R7 and R2 repressors. The R2 repressor inserted in the normal
arientation inhibited the HSV # promoter activity in the Hela cells.
Thus, R2 might not be a classical silencer. However, the presence of
the RI repressor could be necessary for its full activity.

The inhibition of LUC activity by the repressors may be reversed by
a distal element located in the —6 v —4-kilobase region. This occurs
specifically in the BT-474 cells, where elevated expression levels of
the full-length reporter gene were measured. In the other mammary
cell lines, the LUC activities remain very low and similar io those
expressed by the minimal promoter.

The expression levels of the chimeric genes represent the sum of all
the regulatory clements whose transcriptional activities vary in the
different cell lines. In the BT-474 cells, the higher activity of the
transcriptionel activators and particularly the distal Ad element resulis
in elevated LUC activity. This corresponds to an induction of LUC
activity by a factor of 105 over the background value measured in the
promoterless pXP2-transfected cells.

To the contrary, the levels of LUC activity are rather stable in
the overexpressing MDA-MB-453 tumor cells, where the stight tran-
scriptional activation produced by the A2 element located in the
Poull-Smal fragment is abolished by the upstréam repressor. The

influence of the negative elements is also predominant in the low-
expressing HBL-100 and T-47D cells, resulting in low expression of
the full-fength reporter gene.

In the case of the T-47D cells, an additional parameter must be
considered, which is the hormona] status of the cell line. The T-47D
cells are estrogen responsive and cultured in the presence of fetal calf
serum. Transcriptional down-regulation of the p185erbB2 receptor by
estrogen has been described (50 —53) and is directed by a regulatory
clement located in the first 100-base pair sequence at the 5'-end of the
c-erbB2 gene (45). Since this element is present in each erbB2-LUC
hybrid gene, it may be responsible for their systematically lower
expression. Whatever the considered reporter gene, the LUC activities
remain very low as well as the expression level of the natural c-erbB2
gene. .

The HeLa cells were inchided in the comparison to point out the
tissue-specific regulatory elements. Surprisingly, very high expression
of the minimal c-erbB2 promoter was measured in these cells where
the c-erbB2 mRNA is almost undetectable. This may be due to the
abundance of ubiguitous transcription factors in these cells. Many of
thern were indeed isolated from HeLa cells. We cannot exclude that
additional elements located outside of the studied fragment are re-

quired to inhibit the synthesis of the c-erbB2 mRNA in the low-
expressing cells.

The present study suggests interesting differences in the content of
regulatory proteins controlling the expression of the c-erbB2 gene
hetween the mammary ceil lines. Gel retardation assays confirmed
that the populations of transcription faciors were different in the
different cell lines. Cell-specific retarded complexes were observed
for DNA fragments that display different promoting activity. Mainly,
the Pyvull-Accl fragment responsible for a strong induction of the LUC
activity in the BT-474 cells forms three retarded complexes, one of
which appears only in the BT-474 celtular extract. The HindHI-Pyull
fragment, which displays transactivating activity only in the HBL-100
cells, forms, with the HBL-100 proteins, particular complexes that are
ahsent in the other cell lines.

In conclusion, important positive and negative regulatory elements
are located several kilobases upstream of the 5'-end of the c-erbB2
gene. Elevated expression of the full-length chimeric gene in the
BT-474 tumor cells is apparently correlated to trans-acting maclear
proteins that would be either more abupdant or more active in these
cells compared to the low-expressing mammary cells. A similar
conclusion has been reported by Hollywood and Hurst (22) that found
a OB2-1 DNA binding protein much more abundant in the ZR75-1
tumor cells. ¥ is tempting to consider that this represents a general
mechanism for the overexpression of the c-erbB2 gene in the mam-
mary cancer cells. It is probably not the only mechanism, since we did
not observe similar transactivating activity in the MDA-MB-453, In
such cases, the genetic alterations responsible for the c-erbB2 over-
expression should rather be searched elsewhere, i.e., in the gepome of
the cancer cells. Our study has indicated multiple possible target sites
for mutation that would result in enhanced expression of the gene.
Positive regulatory DNA sequences could be modified, resulting in
increased DNA-binding activity of the transactivating factors, or the
mutations couid also disrupt the mechanism of negative control. Other
regulatory mechanisms that modify gene conformation at the chro-
matin level may also be very important in controlling the access of
regulatory profeins 1o transcriptionally active genes.
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