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Abstract

The cytokine interleukin-2 (IL-2) is produced by T cells when they recognize a foreign antigen. Transcription of the IL-2 gene is tightly
controlled by the combined actions of multiple transcriptional activators. However, the contribution of sequences in the IL-2 core promoter and
the architecture of the IL-2 regulatory region to setting levels of IL-2 transcription are not understood. We have probed these properties of the
human IL-2 promoter to understand how the regulatory and core promoter regions cooperate in response to T cell stimulation, thereby setting high
levels of inducible transcription. We found that the IL-2 core promoter contains a TATA box that is critical for inducible expression. Moreover, the
spacing and orientation between the IL-2 regulatory and core promoter regions is important for setting the level of transcription. The regulatory
region of the IL-2 promoter is capable of mediating high levels of expression even when the helical phasing between transcription factor binding
sites is perturbed. Although long considered an enhancer, our studies indicate that the regulatory region in the IL-2 promoter is better considered

as a proximal regulatory element, since it lacks multiple properties associated with enhancer elements.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Interleukin-2 (IL-2) is a cytokine that is expressed by acti-
vated T lymphocytes immediately following exposure to an
antigen (Ullman et al., 1990). IL-2 expression is regulated at
the levels of transcription and RNA stability (Chen et al., 1998;
Crabtree and Clipstone, 1994; Goodbourn, 1994; Jain et al.,
1995). Two independent signals are necessary to activate IL-
2 transcription in a T cell: antigen presentation by an antigen
presenting cell to a T cell receptor and a costimulatory signal
often mediated by CD28 (Crabtree and Clipstone, 1994). IL-2
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transcriptional activation has served as a model for understand-
ing how input from multiple complex signaling pathways can
be integrated at a single promoter to turn a dormant gene on.

The promoter of the IL-2 gene is rather compact, consisting of
a core region (from approximately —40 to +40) and an upstream
regulatory region (from approximately —300 to —40) (Fig. 1A).
The IL-2 core promoter contains a near consensus TATA box
from —32 to —25, but the function of this element and other
sequences in the core promoter have not been determined. In
addition to the TATA box, a number of elements have been iden-
tified and characterized in core promoters in higher eukaryotes,
including the initiator element (Inr), the downstream promoter
element (DPE), and the motif 10 element (MTE), which all
bind subunits of the general transcription factor TFIID (Juven-
Gershon et al., 2006). Core promoters can also contain TFIIB
recognition elements, BRE" and BREY, which bind the general
transcription factor TFIIB (Juven-Gershon et al., 2006). Each
of these elements has a consensus sequence, which aids in their
identification in core promoters; however, mutational analysis
must be performed to understand the contribution of a putative
core promoter element to setting the level of transcription.
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Fig. 1. The human IL-2 promoter. (A) Schematic depicting the core region, reg-
ulatory region, and locations of transcription factor binding sites in the human
IL-2 promoter. (B) Luciferase expression from an IL-2 reporter construct trans-
fected into Jurkat cells requires co-stimulation with ionomycin and PMA. Data
are plotted normalized to the level of expression observed in unstimulated cells.
Each bar was obtained from a minimum of three independent transfections.
Errors represent 1S.D.

The IL-2 regulatory region is required for inducible IL-2
transcription (Durand et al., 1987; Fujitaetal., 1986). Many tran-
scriptional activators bind to the IL-2 regulatory region (Fig. 1A)
including members of the NFAT, AP-1, Oct-1, and NF-kB fami-
lies (Rooney et al., 1995; Rothenberg and Ward, 1996). There are
four composite sites in the IL-2 regulatory region to which NFAT
and AP-1 bind cooperatively, and an additional site for binding
NFAT is present at position —45 (Durand et al., 1988; Rooney et
al., 1995). There are two Oct sites (Kamps et al., 1990; Ullman et
al., 1991) and one NF-kB site in the regulatory region (Hoyos et
al., 1989; Serfling et al., 1989). Maximal induction of IL-2 only
occurs when the regulatory region is present in its intact form;
mutation of any one of the activator binding sites significantly
reduces expression from transient reporter constructs (Hentsch
et al., 1992; Rooney et al., 1995).

The regulatory region of the IL-2 promoter is considered an
enhancer (Durand et al., 1987; Fujita et al., 1986). Enhancers
are a class regulatory regions required for high-level transcrip-
tion from an associated core promoter (Khoury and Gruss,
1983; Maniatis et al., 1987). Enhancers contain sequences
that bind transcriptional activators, often cooperatively (Tjian
and Maniatis, 1994). In natural promoters, enhancers can be
found upstream or downstream of the core promoter, and in
many cases thousands of base pairs away. Using molecular
techniques, enhancers have been found to activate transcrip-
tion when: (1) placed near an unrelated core promoter, (2)
moved far away from a core promoter, (3) placed upstream

or downstream of a core promoter, and (4) their orientation is
reversed.

Specific nucleoprotein complexes form at some enhancers,
and are referred to as enhanceosomes. An enhanceosome is
composed of the enhancer DNA and all proteins required for
proper activation of transcription from the native core promoter,
arranged in a precise higher-order structure (Merika and Thanos,
2001; Thanos and Maniatis, 1995). The function of such a com-
plex was elegantly demonstrated by studies performed in the
Maniatis, Thanos, and Grosschedl laboratories on the enhancers
of the interferon-B (IFNB) (Falvo et al., 1995; Thanos and
Maniatis, 1992, 1995; Yie et al., 1999), T cell receptor-a (Giese
et al., 1992, 1995; Giese and Grosschedl, 1993), and tumor
necrosis factor-a (Falvo et al., 2000) promoters. The precise
architectural arrangement of an enhanceosome is critical for
transcriptional activation. Disrupting even a single protein—-DNA
interaction, or changing the spacing between elements in the
DNA, profoundly affects the assembly of the enhanceosome and
ultimately the regulation of transcription. For instance, chang-
ing the helical phasing of the IFNB enhancer by the addition
of a half turn of DNA drastically reduced transcriptional activa-
tion (Thanos and Maniatis, 1995). Architectural proteins, such
as HMGI(Y), have been shown to facilitate the assembly and
function of enhanceosomes (Giese et al., 1992; Thanos and
Maniatis, 1992). The presence of HMGI(Y) binding sites in
enhancers is considered to be an indicator of the formation of
an enhanceosome.

Several features of the IL-2 upstream regulatory region indi-
cate that it is an enhancer and perhaps transcriptional activation
of this gene is governed by an enhanceosome. Placing the IL-
2 regulatory region upstream of a heterologous promoter and
reversing its orientation provided evidence that it functions like
a classic enhancer (Durand et al., 1987; Fujita et al., 1986).
Moreover, the regulatory region of the IL-2 promoter contains
multiple binding sites for the architectural protein HMGI(Y)
(Himes et al., 2000).

Here, we have characterized core promoter elements, the reg-
ulatory region, and architectural features of the human IL-2
promoter. Systematic mutagenesis of the core promoter showed
that the TATA box is critical for function. No other sequences
in the region from —44 to +8 were found to be important for
high levels of inducible transcription. We tested whether the
helical phasing of transcription factor binding sites in the regu-
latory region is important for inducible IL-2 transcription, with
the goal of revealing whether the IL-2 promoter is activated
by formation of an enhanceosome. Insertions of a half heli-
cal turn of DNA at three different positions did not decrease
the function of the IL-2 regulatory region. Moreover, revers-
ing the orientation of a single NFAT/AP-1 composite site in
the IL-2 promoter did not decrease the function of the regula-
tory region. When the properties of the IL-2 regulatory region
were further tested we found that it did not efficiently func-
tion when its orientation was reversed or it was placed upstream
of a heterologous core promoter, and inserting 500 bp of DNA
between the regulatory region and core promoter abolished
function. These experiments lead us to propose that the IL-2
promoter is composed of a tightly coupled core promoter and
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proximal regulatory region that does not behave as a classical
enhancer.

2. Materials and methods
2.1. Preparation of mutated promoters

The pBS-IL-2-luc plasmid, which has been described previ-
ously (Ferguson et al., 2001), was used as a template for making
all mutant IL-2 promoters. pBS-IL-2-luc contains the region
from —326 to +45 of the human IL-2 promoter (cloned between
Xhol and HindIll sites) upstream of the firefly luciferase gene
in the vector pBluescript-KS(+). Unless indicated otherwise,
mutant plasmids were constructed using PCR methodology and
verified by DNA sequencing. For each mutant promoter, PCR
was used to generate two DNA fragments both of which con-
tained the designated mutations in overlapping regions. The two
DNA fragments were then used together as a PCR template
to generate a third DNA fragment. This final DNA fragment
was digested using Xhol and HindIII and ligated into the pBS-
IL-2-luc plasmid, which was also cut with Xhol and HindIIl.
To generate the helical phasing mutants, 5bp of DNA were
inserted to generate a Pvull site on the upstream side of position
—191, —107, or —60. For the ARRE-2 flip and ARRE-2 knock
out mutants the region between —285 and —265 was either
reversed or changed to an unrelated sequence. The —41/—290
flip mutant was engineered using 70-90 long oligonucleotides.
The mutants containing insertions between the regulatory region
and core promoter were made by engineering an Ndel site on
the upstream side of —37 (to make the 6 bp insertion) and sub-
sequently inserting a 500 bp TATA-less DNA fragment.

2.2. Mammalian cell culture and transfections

Jurkat T cells (human lymphoma T cells) were maintained in
RPMI media, supplemented with 10% fetal bovine serum and
antibiotics (1% Pen/Strep) in a humidified incubator contain-
ing 5% CO,. Jurkat cells were split to 2.5 x 10° cells/ml 24 h
prior to transfection, so there would be about 5 x 109 cells/ml
at the time of transfection. XtremeGene Q2 transfection reagent
(Roche) was used for the transient transfection of DNA con-
structs into Jurkat cells. In general, 80 wl of TE (pH 8.0), 100 ng
of pRL-Null-Renilla luciferase reporter, and 500-1000ng of
pBS-IL-2-luc were incubated at room temperature for 10 min.
After 10 min, a mixture of 80 .l of Optimem (GIBCO) and 3.2 .l
XtremeGene Q2 transfection reagent (Roche) was added. The
mixture was incubated for an additional 10 min at room temper-
ature. The total reaction mixture was added to 5 x 10° Jurkat
cells suspended in 1 ml of RPMI media. Cells incubated for
S5hat 37°C, 5% CO,. After this time, 1 ml of RPMI contain-
ing 20% fetal bovine serum was added to the transfected cells
for a final concentration of 10% fetal bovine serum. After 19 h,
cells were stimulated using 20 ng/ml of phorbol-12-myristate
13-acetate (PMA), 1 M ionomycin (Calbiochem), and 10 mM
CaCl,, After 6h of stimulation, cells were lysed in 0.5ml 1x
Passive Lysis Buffer (Promega). A dual-luciferase reporter assay
(Promega) was used to measure reporter gene expression by

monitoring levels of firefly luciferase and Renilla luciferase
within a sample. Luciferase units were read on a luminometer.
Inducible gene expression was quantitated by calculating the
ratio of firefly to Renilla luciferase. Results from the luciferase
assays are represented as the mean of at least three independent
transfections. Errors represent 1S.D.

3. Results

3.1. The IL-2 promoter contains a TATA box that is critical
for inducible expression in T cells

The IL-2 promoter contains a regulatory region and core
promoter region as diagrammed in Fig. 1A. We utilized a
reporter plasmid containing this promoter upstream of the fire-
fly luciferase gene. As shown in Fig. 1B, when transfected into
Jurkat T cells this reporter plasmid exhibits a robust response
that is dependent on the addition of both the calcium ionophore
ionomycin and phorbol 12-myristate 13 acetate (PMA), two
chemicals that together can be used to mimic the costimula-
tory signal required to activate T cells (Flanagan and Crabtree,
1992). All promoter mutations were made in the context of this
reporter plasmid.

We began our characterization of the IL-2 promoter by per-
forming mutagenesis of the core region. The sequence of the
nontemplate strand of the —44 to +8 region of the human IL-
2 promoter is shown in the schematic at the top of Fig. 2. The
three regions of this promoter that have similarity to known core
promoter elements are indicated below the sequence, with con-
sensus positions indicated in bold. The putative TATA box is a
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Fig. 2. Systematic mutagenesis of the human IL-2 core promoter. The sequence
of the nontemplate strand of the —44 to +8 region of the IL-2 promoter is
shown. Positions that match the consensus sequences for the TATA box, BREY,
and Inr are indicated in bold. Transversion mutations were made in four basepair
blocks as indicated. Mutants were transfected into Jurkat cells and stimulated
luciferase activities were normalized to that observed with the wild type construct
(indicated by the dashed line).
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7 out of 8 match with the consensus sequence (T-A-T-A-A/T-A-
A/T-A/G) (Bucher, 1990). There is a 4 out of 7 match with the
BREY consensus sequence (G/A-T-T/G/A-T/G-G/T-T/G-T/G)
(Deng and Roberts, 2005), and a 4 out of 6 match with the con-
sensus Inr sequence (T/C-T/C-A1-N-T/A-T/C-T/C) (Javahery
et al., 1994; Lo and Smale, 1996). No significant similarities to
other known core promoter elements such as the BRE", DPE,
and MTE are found in the IL-2 promoter.

To begin to determine which sequences in the IL-2 core
promoter influence inducible expression in cells, the core pro-
moter from —44 to +8 was systematically mutated in blocks
of 4 basepairs, thereby creating 13 mutant promoters. Transver-
sion mutations were generated, and the mutant sequences are
shown above the wild type sequence in the schematic (Fig. 2).
Each mutant promoter construct was transfected into Jurkat T
cells, which were simulated with ionomycin and PMA. The bar
plot displays the firefly luciferase to Renilla luciferase ratios of
the mutant promoters normalized to wild-type IL-2 (indicated
by the dashed line) after stimulation of transfected Jurkat cells.
The two mutations in the TATA box (—32/—29 and —28/—25)
substantially reduced inducible IL-2 expression. Two other
mutations subtly decreased inducible expression (—20/—17 and
—16/—13). The —20/—17 mutant is within the putative BREY.
Some mutants increased levels of expression, with the —8/—5
mutant showing the greatest increase. These results show that
the TATA box is the primary core sequence critical for IL-2
expression.

To further explore the contributions of sequence in the BREY
and Inr regions to inducible IL-2 expression, we directly mutated
these elements alone and in combination with the TATA box.
The sequences of these mutations are shown at the top of Fig. 3.
The bar plot shows the effect of each of these mutations on
expression, normalized to that from the wild type IL-2 construct,
indicated by the dashed line. Mutating neither the BRE nor the
Inr region reduced expression alone or when combined with the
TATA mutation. Curiously, in the context of the TATA mutation,
mutating the Inr region increased expression. The reason for this
is unknown.

3.2. The IL-2 regulatory region does not have
characteristic properties of an enhanceosome

To test the potential that an enhanceosome forms in the IL-2
regulatory region, we changed the helical phasing by insert-
ing 5bp of DNA at three different positions, all of which were
between known regulatory protein binding sites (Fig. 4A). Pre-
vious studies with the IFN3 promoter showed that changing the
helical phasing decreased transcriptional activation, although all
regulatory elements remained occupied (Thanos and Maniatis,
1992). The three IL-2 mutants with 5 bp insertions at —60, — 107,
and —191 did not exhibit decreased inducible expression com-
pared to the wild type promoter (Fig. 4B). Insertions at —60
and —191 showed expression levels comparable to wild type,
whereas insertion at —107 caused approximately a two-fold
increase in expression. Hence, the overall architecture of the
regulatory region is not critical to its function in transcriptional
activation.
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Fig. 3. Mutation of putative IL-2 core promoter elements. The sequence of the
nontemplate strand of the —44 to +8 region of the IL-2 promoter is shown.
Positions that match the consensus sequences for the TATA box, BREY, and
Inr are indicated in bold. Mutations generated in these elements are indicated
above the sequence. Mutants were transfected into Jurkat cells and stimulated
luciferase activities were normalized to that observed with the wild type construct
(indicated by the dashed line).

As an additional test of the potential of the IL-2 regula-
tory region to form an enhanceosome we asked whether the
orientation of a critical composite element is important for
inducible transcription. NFAT and AP-1 proteins bind the well-
characterized ARRE-2 element cooperatively (Fig. 4A). We
reversed the orientation of this element such that the NFAT and
AP-1 sites were switched (i.e. the NFAT site was downstream of
the AP-1 site), but the sequence of the composite site was main-
tained. We reasoned that switching the positions of the NFAT
and AP-1 sites could disrupt higher-order (long range) interac-
tions between proteins involved in activating IL-2 transcription.
In other words, if the IL-2 promoter formed an enhanceosome,
then changing the orientation of the ARRE-2 element should
decrease inducible expression from the reporter construct. When
the orientation of ARRE-2 element was reversed (ARRE-2 flip)
the activity was slightly higher than wild type (Fig. 4C). For
comparison, we mutated the ARRE-2 element, destroying the
NFAT and AP-1 sites (ARRE-2 KO). The ARRE-2 knock-out
construct exhibited significantly lower activity than the wild type
construct. We conclude that the sequence of the ARRE-2 ele-
ment, but not its orientation is critical for activation. Together
the data in Fig. 4 indicate that the IL-2 regulatory region does
not form an enhanceosome with classical properties.

3.3. The orientation, spacing, and pairing between the IL-2
regulatory region and core promoter are important for
setting the level of inducible expression

Since the IL-2 regulatory region did not display character-
istics of an enhanceosome, we decided to determine which of
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Fig. 4. Tests of the enhanceosome properties of the IL-2 regulatory region. (A)
Diagram of the IL-2 promoter and mutations made within the regulatory region.
(B) Five basepair insertions do not disrupt the function of the IL-2 regulatory
region. Five basepairs of DNA were inserted immediately upstream of the three
positions indicated in panel A. Mutants were transfected into Jurkat cells and
stimulated luciferase activities were normalized by that observed with the wild
type construct (indicated by the dashed line). (C) Reversing the orientation of
the ARRE-2 element does not disrupt IL-2 activation. The ARRE-2 element
(indicated in panel A) was flipped (ARRE-2 flip) or replaced with unrelated
sequence (ARRE-2 KO). Mutants were transfected into Jurkat cells and stimu-
lated luciferase activities were normalized to that observed with the wild type
construct (indicated by the dashed line).

the properties of an enhancer it possessed. Previously, two por-
tions of the regulatory region (but not the complete regulatory
region) had been shown to function when placed upstream of a
heterologous core promoter in either orientation (Durand et al.,
1987; Fujita et al., 1986). We placed the complete IL-2 regula-
tory region upstream of the strong adenovirus major late core
promoter (AdMLP). The level of inducible expression from this
chimeric promoter was approximately three-fold lower than that
of the native IL-2 promoter (Fig. 5). We next reversed to the
orientation of the regulatory region upstream of its native core
promoter (—41/—290 flip). Flipping the entire regulatory region
caused a two-fold decrease in activation compared to the wild
type promoter. It appears that both the native orientation and
pairing with the core promoter are important for maximal levels
of activation by the IL-2 regulatory region.

Enhancers can also be located great distances away from core
promoters, and when they are moved away from a core pro-
moter their function is not reduced. To determine the effect of
separating the IL-2 regulatory region from the core promoter we
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Fig. 5. Tests of the enhancer properties of the IL-2 regulatory region. Diagrams
of the four constructs used to test the enhancer properties of the IL-2 promoter are
shown. Mutants were transfected into Jurkat cells and stimulated luciferase activ-
ities were normalized by that observed with the wild type construct (indicated
by the dashed line).

inserted 500 bp of DNA at position —37. This insertion abolished
inducible expression (Fig. 5). In fact, the level of expression was
lower than any other mutation that we have tested. To ensure that
the effect of this insertion was not simply due to disruption of
an unknown regulatory element, we inserted 6 bp of DNA at
—37 and found that this mutant promoter exhibited levels of
inducible expression only subtly lower than that of the wild type
promoter. Ironically, the 6 bp insertion between the regulatory
and core regions caused expression to decrease more than any
of the three 5 bp insertions within the regulatory region. Hence,
the helical phasing or spacing between the regulatory and core
regions of the IL-2 promoter is more important than the heli-
cal phasing between elements within the regulatory region. We
conclude that the IL-2 regulatory region is not an enhancer, and
suggest that instead it is a proximal regulatory region.

4. Discussion

Here, we have characterized the sequence and architectural
properties of the human IL-2 promoter. We found that the core
promoter contains a TATA box that is critical for expression
whereas the cryptic BREY and Inr elements do not contribute
to inducible expression. Systematic mutation of the entire core
promoter from —44 to +8 did not uncover elements other than
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the TATA box that contribute strongly to inducible expression.
Our experiments with the regulatory region of the IL-2 promoter
indicate that it is best thought of as a proximal regulatory region
instead of an enhancer. The regulatory region loses almost all
function when moved 500 bp from the core promoter. Moreover,
it is only partially active when fused upstream of a heterologous
core promoter and when its orientation is reversed. Finally, the
function of the regulatory region of the IL-2 promoter does not
require a precise helical phasing of elements; neither altering
the helical phasing between important promoter elements nor
flipping the orientation of a critical composite element reduced
the function of the promoter. Hence, the IL-2 promoter does not
have some of the classical properties associated with enhanceo-
somes, although it remains possible that higher order structure
is important for the function of the regulatory region.

The importance of the TATA box in IL-2 expression was
expected. The sequence of the IL-2 TATA box is very close to
the consensus sequence and the spacing from the transcriptional
start site is reasonable (Bucher, 1990). We were, however, sur-
prised to find that neither the BREY nor the Inr is important for
high levels of inducible expression. Although neither of these
sequences perfectly matches the consensus sequence for the ele-
ment, each shares reasonable similarity with the ideal sequence.
When present in other promoters, both the Inr and the BRE¢
can function along with a TATA box to set levels of transcrip-
tion (Juven-Gershon et al., 2006). This does not appear to be the
case in the human IL-2 promoter.

We initially set out to determine whether the IL-2 regulatory
region forms an enhanceosome. Previous studies of the IFNf3
promoter showed that activation required specific regulatory
proteins to bind regulatory elements that are precisely located
around the DNA helix (Thanos and Maniatis, 1995). Changing
the helical phasing by inserting a half turn of DNA between
critical binding sites substantially reduced IFNf transcriptional
activation by disrupting the architecture of the enhanceosome,
even though factor occupancy remained unchanged (Thanos and
Maniatis, 1995). Thus, helical phasing and its influence on the
arrangement of regulatory protein binding sites in the enhancer
proved to be an important aspect of enhanceosome function.
Here, we probed the existence and function of an enhanceosome
at the IL-2 promoter by changing the helical phasing between
critical protein binding sites in the IL-2 regulatory region. If
the crosstalk between regulatory proteins such as NFAT, AP-1,
Oct, NF-kB, and HMGI(Y) along the regulatory region of the
IL-2 promoter is dependent on helical phasing, then 5 bp inser-
tions within the regulatory region should significantly reduce
inducible expression.

We found that 5 bp insertions at three positions throughout the
regulatory region did not decrease inducible expression from the
IL-2 reporter. Moreover, reversing the orientation of the ARRE-
2 element did not impair promoter function. These results lead
us to conclude that the IL-2 regulatory region does not have
the documented characteristics of an enhanceosome, in spite of
the fact that this region contains multiple binding sites for tran-
scriptional activators and the architectural protein HMGI(Y).
It remains possible that the nucleoprotein complex that forms
in the IL-2 regulatory region requires long range interactions

between bound factors, but the exact helical phasing of these
factors is not critical to their function.

Additional experiments were performed in order to determine
whether the IL-2 regulatory region has properties of an enhancer.
An enhancer is defined as a regulatory region that can activate
a heterologous promoter, as well as its cognate promoter, and
does so in a distance and orientation-independent manner. The
IL-2 regulatory region has been referred to as an enhancer in
publications for many years. This was based on work that showed
portions of the regulatory region imparted inducible expression
when fused upstream of heterologous core promoters in either
orientation (Durand et al., 1987; Fujita et al., 1986). In both
of these studies, large pieces of the regulatory region (either
—319 to —127 or —326 to —52) were placed upstream of a
heterologous TATA box, with the spacing being similar to or
less than that found in the natural IL-2 promoter. In both cases,
the chimeric promoters were not induced to the same level as
the natural IL-2 promoter (approximately five-fold lower) and
the reverse orientation resulted in even lower levels of induced
expression. Additional tests of the enhancer properties of the
IL-2 regulatory region had not been performed.

Here, we tested the regulatory region of the human IL-2
promoter for three general properties of an enhancer. First, we
created a chimeric promoter in which the IL-2 regulatory region
was fused upstream of a strong core promoter (from the AAMLP)
with a spacing identical to that of the natural IL-2 promoter.
Although expression from this chimeric promoter was inducible,
the level of expression was approximately one third of that
observed with the natural IL-2 promoter. Second, we reversed the
orientation of the IL-2 regulatory region upstream of its native
core promoter. This mutant promoter was also inducible, but
the level of expression was approximately half of that observed
with the natural IL-2 promoter. Finally, we inserted 500 bp of
DNA between the regulatory region and the core promoter, and
found that this insertion decreased levels of expression 20-fold.
Our results lead us to conclude that the IL-2 regulatory region
lacks critical properties of an enhancer and is best thought of as
a proximal regulatory region.
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