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HMGA2, a high-mobility group protein, is oncogenic in
a variety of tumors, including benign mesenchymal tu-
mors and lung cancers. Knockdown of Dicer in HeLa
cells revealed that the HMGA2 gene is transcriptionally
active, but its mRNA is destabilized in the cytoplasm
through the microRNA (miRNA) pathway. HMGA2 was
derepressed upon inhibition of let-7 in cells with high
levels of the miRNA. Ectopic expression of let-7 reduced
HMGA2 and cell proliferation in a lung cancer cell. The
effect of let-7 on HMGA2 was dependent on multiple
target sites in the 3� untranslated region (UTR), and the
growth-suppressive effect of let-7 on lung cancer cells
was rescued by overexpression of the HMGA2 ORF
without a 3�UTR. Our results provide a novel example of
suppression of an oncogene by a tumor-suppressive
miRNA and suggest that some tumors activate the on-
cogene through chromosomal translocations that elimi-
nate the oncogene’s 3�UTR with the let-7 target sites.
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HMGA2 (also called HMGI-C), a member of the high-
mobility group AT-hook (HMGA) family of nonhistone
chromatin proteins, is an architectural transcription fac-
tor (for review, see Reeves 2001). HMGA2 protein plays
a critical role in growth during embryonic development,
as evidenced by the pigmy phenotype of mutant mice
deficient in hmga2 and by its high expression in embryos
(Zhou et al. 1995; Rogalla et al. 1996). It is normally
expressed at low levels in adult tissues, but disruption of
the gene by chromosomal rearrangements at chr12q13-
15 and attendant overexpression of the protein result in
benign mesenchymal tumors such as lipoma, uterine
leiomyoma, pulmonary chondroid hamartoma (for re-
view, see Fedele et al. 2001), pleomorphic salivary gland
adenoma (Geurts et al. 1997), and endometrial polyps
(Bol et al. 1996). The chromosomal break separates the
ORF of HMGA2 from the 3� untranslated region (UTR)
and leads to overexpression of HMGA2 protein (Fig. 3A,
below). As most of the breakpoints are within the 140-kb
third intron, the rearrangement results in the expression
of a chimeric HMGA2 protein that lacks a C-terminal
acidic domain but is fused to another protein from the

translocated region. Although the deletion and/or fusion
partners were initially thought to be important for tu-
morigenesis, overexpression of full-length HMGA2 pro-
tein was found to be sufficient to cause a neoplastic
transformation of mesenchymal cells (Zaidi et al. 2006).
Consistent with this, at least in a couple of cases the
translocation site was mapped in the 3�UTR, leaving the
ORF intact (Schoenmakers et al. 1995; Geurts et al. 1997;
Quade et al. 2003).

HMGA2 protein is also elevated in several mouse and
human neoplasias such as non-small-cell carcinoma of
the lung (Giancotti et al. 1989; Sarhadi et al. 2006).
HMGA2 was overexpressed in 90% of lung cancers, and
the presence of the protein in the nucleus correlated
with high cell proliferation and poor survival. The
HMGA2 gene is selectively amplified and overexpressed
in 10% of liposarcomas (Berner et al. 1997). Chromosom-
al rearrangements at the HMGA2 locus and overexpres-
sion of the protein have also been reported in myeloid
neoplasias with dysplastic features (Odero et al. 2005).
Supporting a role of HMGA2 in oncogenesis, the inhibi-
tion of HMGA2 blocked retrovirally induced neoplastic
transformation (Berlingieri et al. 1995). These observa-
tions, together with the proposed importance of HMGA2
in embryonic growth, suggest that overexpression of
HMGA2 is tumorigenic in differentiated tissues where
HMGA2 expression is normally undetectable.

MicroRNAs (miRNAs) are small noncoding regulatory
RNAs that are processed by Dicer from precursors with
a characteristic hairpin secondary structure. Among
hundreds of miRNAs, a fraction have been shown to play
a role in a variety of biological processes including de-
velopment, differentiation, proliferation, and cell death.
Since tumorigenesis often involves the dysregulation of
these very same processes, miRNAs are potential onco-
genes or tumor suppressors (for review, see Lee and
Dutta 2006). A significant fraction of miRNAs are
mapped to cancer-associated genomic regions or to frag-
ile sites and many miRNAs are up- or down-regulated in
cancers, suggesting that more miRNAs can potentially
be involved in tumorigenesis.

let-7, one of the founding members of the miRNA fam-
ily, was first identified in Caenorhabditis elegans (Rein-
hart et al. 2000). In human and mouse, like C. elegans,
the expression of let-7 is barely detectable in embryonic
stages but increases after differentiation and in mature
tissues (Lee et al. 2005). Several studies proposed let-7 as
a putative tumor suppressor, especially in lung cancer.
The expression of let-7 is reduced in lung cancer cell
lines or tumor samples relative to normal lung tissue
(Takamizawa et al. 2004), and the reduction has been
correlated with the overexpression of RAS, an oncogene
that is a regulatory target of let-7 (Johnson et al. 2005).

In this study, we show that HMGA2 is negatively
regulated by let-7, which might explain the suppression
of HMGA2 during the later stages of differentiation and
development. The direct linkage between let-7 and
HMGA2 is another example of a miRNA being impli-
cated in growth suppression because of its capacity to
repress an oncogenic target. As suppression of HMGA2
by let-7 is mediated through its 3�UTR, our results sug-
gest an intriguing model of oncogene activation where
chromosomal breaks that separate the ORF from the
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3�UTR enable the oncogene to escape repression by a
miRNA.

Results and Discussion

Destabilization of HMGA2 mRNA through
a miRNA-dependent pathway in the cytoplasm
of HeLa cells

In mammalian cells, miRNAs often promote the degra-
dation of the target mRNAs (Eulalio et al. 2007). To iden-
tify putative target genes of any miRNA, we performed a
microarray hybridization of cellular mRNA after small
interfering RNA (siRNA)-mediated knockdown of Dicer,
an enzyme essential for miRNA biogenesis (Hutvagner
et al. 2001). HMGA2 was the most up-regulated gene in
the microarrays upon Dicer knockdown in HeLa cells
(data not shown), suggesting that HMGA2 may be regu-
lated by miRNAs. Consistent with previous results,
HMGA2 mRNA is barely detectable in untreated HeLa
cells (Fig. 1A, lane 1). In contrast, the embryonic carci-
noma cell line Tera-2 and the lung cancer cell line H1299
expressed abundant levels of HMGA2 (Fig. 1A, lanes 4,5).
Despite the dissimilarity in the steady-state mRNA lev-
els, the transcriptional rates in the three cell lines were
comparable in nuclear run-on assays (Fig. 1B), suggesting
a destabilization of HMGA2 after transcription in HeLa
cells.

To determine the site in the cell of the post-transcrip-
tional disappearance of HMGA2 in HeLa cells, we iso-
lated RNA from nuclear and cytoplasmic fractions. The
fractionation was validated by nuclear marker snoU38b
(a small nucleolar RNA), which was detected exclusively
in the nuclear fraction (Supplementary Fig. S1B, top
panel). The spliced, mature form of HMGA2 mRNA was
detectable in the nuclear fraction but undetectable in the
cytoplasmic fraction of HeLa cells (Fig. 1C, lane 9;
Supplementary Fig. S1B, bottom panel), indicating that
the HMGA2 mRNA is destabilized in the cytoplasm. To

measure the pre-mRNA for comparison, we designed a
pair of primers that amplified across an exon–intron
junction. The 576-base-pair (bp) PCR product from the
pre-mRNA is detected only in the nuclear RNA (Fig. 1C,
top panel), also validating the quality of our fraction-
ation. Whereas the level of mature mRNA in HeLa dif-
fers significantly from those of H1299 and Tera-2 (Fig.
1A,C, second panel), the level of pre-mRNA of HMGA2
was comparable between the three cell lines (Fig. 1C, top
panel), consistent with the nuclear run-on result in Fig-
ure 1B.

RNA interference (RNAi) knockdown of Dicer in
HeLa cells increased HMGA2 mRNA (Fig. 1A,C).
HMGA2 induction is also evident after knockdown of
Drosha (Fig. 1A), another critical enzyme for miRNA
biogenesis (Lee et al. 2003). RNAi of both Dicer and Dro-
sha effectively reduced Dicer and Drosha mRNAs
(Supplementary Fig. S1A) and decreased a miRNA, let-7
(Fig. 1A, bottom two panels and the quantification on
the left). Neither treatment affected the expression of
HMGA2 at the transcriptional stage (Fig. 1B), as evi-
denced by the similar intensities in the nuclear run-on
assay. Also, neither treatment increased HMGA2
mRNA in Tera-2 or H1299 cells (data not shown). The
mature HMGA2 mRNA was increased in the cytoplas-
mic fraction of HeLa cells after the RNAi of Dicer, with
relatively little effect on HMGA2 mRNA in the nuclear
fraction (Fig. 1C, cf. lanes 8,9 and 11,12, respectively).
These results demonstrate that HMGA2 mRNA is de-
stabilized by a miRNA(s) in the cytoplasm of HeLa, but
not in H1299 or Tera-2 cells.

let-7 repressed HMGA2 expression

To identify a miRNA(s) that could destabilize HMGA2
mRNA, miRanda, Pictar, and TargetScan were used to
search for potential miRNAs that can interact with
HMGA2 mRNA. The programs predicted eight putative
target sites of let-7 (Fig. 3A, below; Supplementary Table

Figure 1. Destabilization of HMGA2 mRNA in the cytoplasm of HeLa cells through the miRNA pathway. (A, top two panels) Northern
hybridization to detect HMGA2 and gapdh as a control. HeLa cells were transfected with GL2 (lane 1) or siRNA against Dicer (target sequence:
AACUCUGCAAACCAGGUUGCU) or Drosha (target sequence: AACGAGUAGGCUUCGUGACUU) (lanes 2,3). (Lanes 4,5) The results from
H1299 and Tera-2 cells are included for comparison. (Bottom two panels and the graph on the left) The levels of let-7 miRNA and 5S rRNA were
measured by small RNA Northern. The blot was exposed to PhosphorImager Storm 860 (Molecular Dynamics), and each band was quantified
with ImageQuant 5.2 software. The intensity of let-7 was normalized to that of 5S rRNA and plotted on the left of the blot (plain bar, lane 1;
black bar, lane 2; gray bar, lane 3). (Lane 1) The value of the GL2 transfected sample was set as 1. (B) Nuclear run-on experiments were performed
with the nuclei corresponding to the samples in A. The identity of each band is marked in a separate box on the right. pBS(+) indicates the
pBluescript vector negative control. (C) To detect the pre-mRNA and mature mRNA of HMGA2, RT–PCR was performed with the RNAs from
total (tot), nuclear (nuc), and cytoplasmic (cyt) fractions. Each amplified fragment with its expected size in base pairs is indicated. To ensure
PCR products are clearly visible but are not saturated, we adjusted the amount of input cDNA and the number of cycles in each PCR
amplification (35 cycles with fourfold more cDNA to detect the pre-mRNA of HMGA2, 30 cycles for mature mRNA of HMGA2, and 22 cycles
for �-actin control). A representative result from the reaction without reverse transcriptase (−RT) is shown.
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S2) in the 3�UTR of HMGA2. We focused on let-7, in-
spired not only by the computational prediction but also
by the anti-correlation of let-7 and HMGA2 levels during
in vitro differentiation of Tera-2. let-7 is induced as
Tera-2 cells differentiate (Lee et al. 2005), while the con-
verse is seen with HMGA2 (Ayoubi et al. 1999; data not
shown). Consistent with the previous results, proliferat-
ing Tera-2 cells express HMGA2 mRNA and protein
(Figs. 1A,C, 2A) but not let-7 (Fig. 2A). This inverse cor-
relation between HMGA2 and let-7 is also evident in the
two other cells lines, H1299 and HeLa (Figs. 1A,C, 2A).

There are many variants of let-7 miRNA, let-7a to let-
7i and miR-98. All the variants share an identical seed
sequence that is critical for target recognition (Doench
and Sharp 2004). Among them, let-7b and let-7e are most
divergent with differences in four nucleotides. Since
both were predicted and shown to target HMGA2
(Supplementary Table S2; Supplementary Fig. S2B [bot-
tom panel], D), we used the two together as representa-
tive of all let-7 variants for the subsequent experiments.

First, we introduced let-7 into H1299 cells by trans-
fecting a short RNA duplex containing let-7 sequence on
one strand. Such duplexes are known to mimic the
miRNA function (Hutvagner and Zamore 2002). Indeed,
luciferase reporters containing artificial let-7 target sites
in the 3�UTR were repressed by such duplexes (Supple-
mentary Fig. S2A,B, top panel). Transfection of let-7 du-
plex to H1299 reduced the HMGA2 mRNA and protein
(Fig. 2B; Supplementary Fig. S2D). Down-regulation of
HMGA2 mRNA by let-7 was also evident in Tera-2 and
retinoblastoma cell lines Y79 and WERI-Rb-1 (Supple-
mentary Fig. S2D,E).

Next, we inhibited let-7 in HeLa cells by using 2�-O-

methyl antisense oligonucleotide against let-7 (anti-let-7
hereafter). The inhibition of let-7 was effective, as anti-
let-7 derepressed the luciferase activity from the cognate
reporter plasmids (Supplementary Fig. S2C). Inhibition
of let-7 in HeLa cells induced HMGA2 mRNA and pro-
tein (Fig. 2C). A similar result was obtained in another
cell line, SaOS-2 (data not shown). Thus, let-7 contrib-
utes to the post-transcriptional destabilization of
HMGA2 mRNA in HeLa and SaOS-2 cells.

Multiple redundant target sites for let-7 in the 3�UTR
of HMGA2

Previous results indicated that HMGA2 expression is
controlled by negative regulatory element(s) in its
3�UTR (Ayoubi et al. 1999; Borrmann et al. 2001). The
putative target sites of let-7 are also located in the 3�UTR
(Fig. 3A; Supplementary Table S2). To test whether the
3�UTR is responsible for the reduction of HMGA2
mRNA by let-7, we constructed a derivative of H1299
cells stably expressing a HMGA2 ORF without the
3�UTR. This cell line expresses a shorter HMGA2
mRNA lacking the 3�UTR (Fig. 3B, right two lanes),
which is not visible in a control cell line with the paren-
tal vector pCR3.1 (Fig. 3B, left two lanes). Transfection of
let-7 decreased the expression of only full-length
HMGA2 mRNA, but not the truncated HMGA2 mRNA
without the 3�UTR.

The cis-element for the repression by let-7 was nar-
rowed down further by reporter assays in H1299 cells
with plasmids expressing luciferase fused to various frag-
ments of HMGA2 mRNA with let-7 duplex. Consistent
with the result in Figure 3B, the segment containing
5�UTR and ORF (Fig. 3C, 13–1141) barely responded to
the cotransfected let-7. The 3�UTR was divided into four
fragments, each of which contains one or more target
sites for let-7. All four fragments conferred repression by
let-7 when inserted downstream from luciferase ORF
(Fig. 3C; Supplementary Fig. S2B, bottom panel). Muta-
genesis of individual target sites revealed that six out of
eight predicted target sites in the HMGA2 3�UTR re-
spond to let-7, the exceptions being sites #2277 and
#3688.

let-7 promotes degradation of HMGA2 mRNA

According to current models of miRNA action in mam-
malian cells, a miRNA recognizes its target sites and
recruits the target mRNA to cytoplasmic P-bodies or to
other nuclease complexes, leading to mRNA decapping,
deadenylation, and eventual degradation by exonucle-
ases (for review, see Eulalio et al. 2007). To trap any
intermediate products during the degradation, RNA was
harvested at 24 h post-transfection of let-7, a time when
HMGA2 mRNA decrease begins but is not completed
(Fig. 3D, top left panel). RNA ligase-mediated (RLM)-
PCR was used to map the 5� ends of any HMGA2 degra-
dation fragments. Despite the significant decrease in to-
tal HMGA2 RNA, more RLM-PCR products are visible
in the let-7 transfected cells (Fig. 3D, right two panels),
indicating that degradation fragments of HMGA2
mRNA increased significantly after the introduction of
let-7. Nonspecific degradation of all RNA is ruled out by
the detection of total RNA by ethidium bromide (Fig.
3D, bottom left panel). Cloning and sequencing of the
RLM-PCR products revealed that the 5� ends of degrada-

Figure 2. The effect of let-7 miRNA on HMGA2 expression. (A, top
two panels and graph) let-7 and 5S rRNA from the indicated cell
lines were measured as described in Figure 1A (black bar, HeLa;
plain bar, H1299; gray bar, Tera-2). (Bottom two panels) Immuno-
blots for HMGA2 protein (using an antibody from Oxis Interna-
tional, Inc.) and �-actin as a loading control. (B, top two panels) After
transfection of GL2 and let-7 duplex (a mixture of let-7b and let-7e)
into H1299 lung cancer cells, HMGA2 mRNA was measured by
Northern hybridization, with ethidium bromide staining of two ri-
bosomal RNA bands shown as a loading control. (Bottom two pan-
els) Immunoblots for HMGA2 and �-actin proteins. (C) HMGA2
mRNA (top two panels) and protein (bottom two panels) were de-
tected after transfection of the indicated 2�-O-methyl antisense oli-
gonucleotides into HeLa cells, with gapdh mRNA and �-actin pro-
tein as controls, respectively.
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tion fragments are not confined to the let-7 target sites
(Supplementary Fig. S3). The distributed pattern of the 5�
ends of degradation products is similar to our previous
results with another miRNA, miR-206 (Kim et al. 2006),
and is consistent with the notion that the mRNA is de-
graded by exonucleases (with pause sites) instead of by a
miRNA directed site-specific endonuclease.

let-7-resistant HMGA2 rescues growth inhibition
by let-7

let-7 has been reported to be down-regulated in lung can-
cers (Takamizawa et al. 2004; Johnson et al. 2005). The
decrease of let-7 and the corresponding increase of
HMGA2 were evident in all three lung cancer cell lines
studied (Fig. 4A). The growth of H1299 lung cancer cells
was inhibited by transfection of let-7 duplex (Fig. 4B).
The growth inhibition was significantly attenuated by
expressing HMGA2 ORF (without the let-7-responsive
3�UTR) in these cells (Fig. 4C,D), suggesting that repres-
sion of HMGA2 is an important component of the
growth inhibition by let-7. Note that the level of ectopi-
cally expressed HMGA2 is approximately fivefold that of
endogenous HMGA2 in H1299 and Tera-2 (Figs. 3B, 1A;
data not shown) and that the failure to completely rescue
the growth inhibition suggests that other significant tar-
gets of let-7 remain to be discovered.

Concluding remarks

miR-15a/miR-16-1 have been suggested to act as tumor
suppressors by virtue of their ability to repress the anti-
apoptotic oncogene Bcl2 (Cimmino et al. 2005). Chronic
lymphocytic leukemias eliminate the tumor suppressor
miRNAs by deleting the miRNA gene locus. The results
reported here add a new twist to the story by suggesting
that chromosomal translocations that activate the
HMGA2 oncogene do so by deleting the 3�UTR, which is
normally repressed by the action of let-7. Because mul-
tiple genes distributed throughout the genome encode
for let-7, chromosomal deletions are unlikely to elimi-
nate all the let-7 genes. Likewise, the presence of mul-
tiple target sites in the 3�UTR of HMGA2 make it un-
likely that tumors can select for multiple point muta-
tions inactivating all the target sites. In this context, a
deletion eliminating the entire 3�UTR seems to be the
most efficient mechanism by which the HMGA2 onco-
gene can escape repression by the let-7 tumor suppressor
miRNA.

Although it is clear that let-7 contributes to the desta-
bilization of HMGA2 mRNA, we cannot completely rule
out the possibility that miRNA-independent or let-7-in-
dependent pathways are also involved in destabilizing
HMGA2 mRNA. Indeed, HMGA2 gene contains target
sites for miRNAs besides let-7 (Smalheiser and Torvik

Figure 3. The destabilization of HMGA2 mRNA by let-7 is dependent on the predicted target sites in the 3�UTR. (A) A schematic of HMGA2
mRNA. All numbers are based on the nucleotide sequence of NM_ 003483.4. Vertical gray bars indicate the potential binding sites of let-7,
predicted by miRanda, PICTAR, or TargetScan (for details, see Supplementary Table S2). The target sites are named according to the nucleotide
coordinate of target sequence that pairs with the 5� end of let-7. P1 and P2 indicate approximate locations of each set of primers for the
RLM-PCR (shown in D) (for details, see also Supplementary Fig. S3 and Supplementary Table S2). Horizontal lines represent segments of
HMGA2 used in the luciferase reporter assays in C. Vertical arrows with the nucleotide coordinates indicate locations of chromosomal breaks
in human tumors (Schoenmakers et al. 1995; Geurts et al. 1997; Ashar et al. 2003; Quade et al. 2003; Nilsson et al. 2005; Odero et al. 2005).
(B) Northern hybridization was performed with the H1299-derived cell line stably expressing HMGA2 from the plasmid pH3Hx or the control
cell line containing the parental vector pCR3.1, as indicated at the bottom. Endogenous HMGA2 mRNA (endo.) and the HMGA2 mRNA
lacking the 3�UTR (from pH3Hx; exo.) are indicated. The rest are as in the Northern blot in Figure 2B. (C) Repression of luciferase reporter by
let-7 in H1299 cells. pRL-CMV derivatives contained the indicated segments of HMGA2 mRNA inserted downstream from the Renilla
luciferase ORF (the numbers at the bottom match the horizontal lines in A). pRL-let-7as is a control plasmid containing a sequence perfectly
complementary to let-7 downstream from the luciferase and is repressed by the let-7 duplex by siRNA mechanisms. The relative Rr/Pp value
(Y-axis) indicates the extent to which let-7 represses a given reporter. The average and standard deviation of triplicate samples are indicated.
(D) RLM-PCR was performed with RNA from H1299 cells at 24 h after transfection of GL2 or let-7 duplex. (Left two panels) Northern
hybridization as described in Figure 2B. (Right two panels) Agarose gel electrophoresis of RLM-RACE products from primer set P1 and P2
(shown in A) (Supplementary Fig. S3; Supplementary Table S1), with molecular size markers (in kilobases) indicated.
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2004). In addition to miRNA target sites, there are 10
AUUUA sequence motifs of AU-rich element (ARE) in
the 3�UTR of HMGA2 that have been assumed to play a
role in the destabilization of HMGA2 mRNA, (for re-
view, see Eulalio et al. 2007). The miR-16 miRNA may
be required for ARE-mediated mRNA decay (Jing et al.
2005), so that inhibition of miRNA biogenesis might ad-
ditionally induce HMGA2 mRNA through the inactiva-
tion of the ARE pathway.

In lung cancers, HMGA2 is reported to be up-regulated
while let-7 is down-regulated. Currently it is not known
why let-7 is reduced in lung cancers. The high level of
HMGA2 and low level of let-7 in lung cancer cell lines,
together with the inhibition of cell proliferation after
ectopic expression of let-7 and the rescue of the growth
inhibition by overexpressed HMGA2, strongly suggests a
causal link between let-7 and HMGA2 during lung can-
cer development. The rescue is significant but not com-
plete, suggesting a role(s) of other let-7 targets. The full-
length HMGA2 mRNA was overexpressed in many lung
cancers (Sarhadi et al. 2006), raising the possibility that a
decrease in let-7 might be the cause of HMGA2 overex-
pression.

In summary, our results reveal a reciprocal relation
between the let-7 growth suppressor and the HMGA2
oncogene. We hypothesize that induction of let-7 during
development contributes to the absence of HMGA2 in
differentiated tissues. In addition, HMGA2 overexpres-
sion during tumorigenesis may arise through two let-7-
dependent pathways: (1) a loss of let-7-responsive target
sites through truncation of the 3�UTR, as in several be-
nign tumors with chromosomal rearrangements, or (2) a
reduction of let-7 expression as in lung cancers. Three
studies have recently appeared from other groups that

confirm our findings and extend the role of the let-7 fam-
ily of miRNAs in suppression of HMGA2 in a mouse
model system (Mayr et al. 2007), in head and neck can-
cers (Hebert et al. 2007), and in larger uterine leiomyo-
mas (Wang et al. 2007).

Materials and methods

Cell lines and plasmid DNAs
Plasmid pH3Hx, a gift from Drs. B.J. Quade and C.C. Morton, contains
HMGA2 ORF in the mammalian expression vector pCR3.1 (Invitrogen
Corp.). After transfection of pH3Hx or pCR3.1, H1299 cells were cultured
with 0.4 mg/mL of G418 for selection and maintenance of the stably
expressing cells. Proliferation of cells was measured with CellTiter 96
nonradioactive cell proliferation assay kit (Promega Corp.).

RNA oligonucleotides, transfection, analysis of RNA, and luciferase
assay
siRNA transfection was performed with Oligofectamine reagent or Lipo-
fectamine 2000 reagent (Invitrogen Corp.), using 120 nM siRNA duplex
or 100 nM 2�-O-methyl antisense oligonucleotide. During a long-term
experiment with multiple transfections, we first performed two trans-
fections daily, while the third transfection onward was performed on
every other day. Unless otherwise indicated, the level of HMGA2 was
measured on the third or the fourth day, after two transfections on days
1 and 2.

RNA isolation and analysis, mutagenesis, and luciferase assays were
performed as described in the Supplemental Material.
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