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The oppositely-imprinted genes insulin-like growth factor-11 (/GF2) and HI9, a putative tumor suppressor. often
show coordinate, reciprocal regulation and are believed to play a role in carcinogenesis. To explore the possible
interactions between these genes, we stably transfected diHepG2 cells with a plasmid containing either the sense
or the antisense HI9 c¢DNA sequences and verified their expression by Northern analysis and by RNase
protection analysis. Levels of HI9, JGF2 and y-actin mRNA were quantified by competitive RT-PCR analysis.
Although HI9 sense transgene overexpression (n = 24 clones) did not decrease the low. basal levels of IGF2
mRNA compared to control cells, levels of JGF2 mRNA were positively correlated with the levels of HJ9
antisense mRNA (P < 0.0001. n = 40 clones). Furthermore. the increase in JGF2 mRNA level was accompanied
by an elevation of IGF-Il peptide in conditioned media. To see if HI9 mRNA had a specific effect on
transcription, we also performed transient transfections with reporter gene constructs containing /GF2 promoter 3
in the presence of sense or antisense H/9 cDNA sequences under control of a cytomegalovirus promoter. We
show a lower reporter gene activity from reporter gene constructs in the presence of sense H/9 ¢cDNA than from
those with antisense or neomycin. Qur results suggest that H79 participates in the repression of JGF2. at least in
part through effects on IGF2 transcription, an effect which may contribute 10 ils action as a tumor suppressor.
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Human insulin-like growth factor (IGF-II) is an important
mitogen which plays a role in normal fetal and postnatal
growth, and also in tumorogenesis [ 1]. Regulation of the human
IGF2 gene is very complex. both al the transcriptional and post-
transcriptional level, Firstly, this gene is directed by four
promaters which exhibit a tissue and development-specific
expression pattern. Secondly, it includes sequence elements that
are recognized by transcription factors (such as p33. WT-1 or
C/EBPa). some of which are known to have tumor suppressor
activity |2-4]. Thirdly. the minisatelliic DNA polymorphism
consisting of a variable number of tandem repeats (VNTR) at
the human JNS (insulin gene) 5'-flanking region. has recently
been shown to affect JGF2 transcription [5]. Finally. IGF-11
mRNAs are subjected 1o differential polvadenvlation. aller-
native splicing and site-specific endonucleolytic cleavage [4].

IGF2 is also epigenetically regulated [6], so that only the
paternal allele is expressed in most tissues prenatally and in
some lissues during postnatal life. a phenomenon referred to as
genomic imprinting. Preferential loss of maternal alleles (loss
of heterozygosity) and relaxation of parental imprinting (loss of
imprinting) of /GF2 occur frequently in cenain pediatric
tumors. such as Wilms™ tumors. adrenocortical carcinomas.
hepatoblastomas and rhabdomyosarcomas. and in malignant
adulthood (umors (including uterine. lung and testicular

tumors). suggesting thar abnormal expression of /GF2 andfor
of other I'1p135.5 imprinted genes has a role in the pathogenesis
of these discases [7.8].

IGF2 lies only 110-200 kb centromeric to H/9 [9]. a gene
whose transcript is not translated [10.11]. but whose molecular
evolution suggests a [unctional role for its mRNA [12].
Untranslated H/79 is believed to play a role in tumor
suppression (although this is controversial [13-13]) and. as
for IGF2. is an imprinted gene |16). IGF2 and HI9 arc
reciprocally imprinted. such that 419 is ranscribed exclusively
from the maternal allele in a tissue and developmentally
regulated manner. H/9 and /GF2 have been found to show
coordinate. reciprocal regulation in a number of other
situations: (a) although H19 and IGF2 show a similar tissue-
specific pattern of expression, H/9 is not expressed in the
choroid plexus or leptomeninges. the only tissue where /GF2 is
expressed biallelically in mouse and human [17]: (b} methyl-
transferase knockouts, with no detectable methvlation at the
H19 domain. express both copies of H79 but neither of Jgf2
[18): (c) g2 expression has been shown 10 be biallelic in the
mouse HIY knockout [19.20]: (d) Wilms™ wmors with
relaxation of /GF2 imprinting (i.c. with biullelic expression)
show aberrant methylation of the maternal H79 copy and
quantitatively repressed HI9 [21]: (¢) the level of H/Y
expression was found to be very low (and /GF2 expression
very hight in adult adrenal carcinomas compared o normal
adrenals [22]; and 1) in leukocytes. JGF2 in most individuals
‘escapes’ imprinting, but monoallelic expression is found in
minority. These imprinters are capable of expressing H79.
whereas those that do not show imprinted /GF2 expression do
not express HI9 23]

Understanding the role of human 79 is complicated by the
use of mouse H1Y transgenes inseried into human cells, an
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artificial - situation in which cross-species  rrans-activating
fuctors mauy be missing [24]. Furthermore, it is not yet clear
whether the results from the more recemt mouse H79 deletion
mulanis. suggesting that H19 expression 1s not necessary for
imprinted fGF2 expression. can be extrapolated 1o humans, or
that they rule out H79 trans effects on JGF2 regulation [25.26].
Indeed. Li er af. |27]. have provided data which led themn to
propose & model whereby H79 may modify steady state JGF2
mRNA cytoplasmic levels as well us decreasing association of
IGF2 mRNA with polysomes. They further suggest that, in
mice, this regulatory role may have been lost.

In the present paper, we have explored the coordinate
regulation of IGF2 and HJ9 further by studying the effect of
H19 sense or antisense transgenes on the JGF2 mRNA level in
stubly und transiently transfected diHepG2 cells.

MATERIALS AND METHODS

Tissue cultures

DiHepG2 cells obtained from ATCC (HB-8065, Rockville,
MD. USA) were culiured in minimum essential medium
supplemented with 10% fetal bovine serum, 1% nonessential
amino acids, 2 mm L-glutamine and 1% sodium pyruvate. For
the stable transfection experiments. u clonal cell line was
selected (couriesy of M. Lambert. Genetics Service, Depart-
ment of Pediatrics. Ste-Justine Hospital. Montréal, Québec.
Cunada) which was disomic for chromosome 11 (diHepG2
cells) by fluorescent in sitd hybridization (FISH) using
digoxigenin-labeled chromosome-11-specific probes (Coata-
some 11) from Oncor {Gaithersburg, MD, USA).

Vector construction

For the stable transfections, the human A79 ¢cDNA (bp +65 to
+2248) kindly provided by S, Zemel (Department of
Pediatrics. Yale University, New Haven. CT. USA) was
subcloned inte the Hindlll site of pRc/CMYV (Invitrogen,
Carlsbad. CA. USA) in both orientations relative 1o the
evtomegalovirus (CMY) promoter. and the sequence was
verified from both ends.

To generate HI9-IGFZ reporter gene constructs for transient
ransfections. we cloned the entire human H19 cDNA (bp —60
to +2248) into the EcoRI sites of peDNA3Z (Invitrogen) in
both oriemations relative to the CMV promoter. then CMV
promoter and H19 sense or antisense were subcloned into
Sal1-Xbal sités of pCAT-Basic (CAT. chloramphenicol acetyl-
transferase: Proméga, Madison. W1, USA). These constructs
were termed pCMVHI9+/CAT or pCMVHIS-/CAT. As a
control, we deleted the region between two Eagl sites (bp
~922 and +2186) of pcDNA3 10 have the neomycin cDNA
direetly downstream of the CMV promoter; this was then
subctoned  into Sail site of pCAT-Basic and  termed
pCMVNEQ/CAT. JIGF2 promoter P3 [5] was ligated into the
Xbal site of these diffcremt plasmids directly upstream of
the CAT reporter gene. These construcls were lermed
PCMVHI19+/3CAT. pCMVHI9-/3CAT or pPCMVNEQ/3CAT.
A Hindl] fragment confaining the CMV promoter was also
removed 1o generate control plusmids without this promoter and
these construets were lermed pNEO/ACAT. pH19+/3CAT und
pHI9-/3CAT. A schemalic dingram of all the constructs is
included with the transient transfection results. The authenticity
and  directionality of all the constructs was verified by
restriction enzyme analysis.

Transfections

For stable transfections, 20 pg of DNA vector was *digested
with Powl. ethano] precipitated and resuspended in 20 pl of
Tris/EDTA. DiHepG2 cells were harvested by trypsinization
from 75% confluent T-75 flasks. centrifuged at 200 g for 5 min
and resuspended in calcium and magnesium free NaCI/P;, pH 7.
DiHepG2 cells (1 x 107mL™') were then transfecied by
electroporation using a 250-V, 300 pF pulse from a Gene
Pulser (Bio-Rad Labs, Hercules, CA, USA). Selection with
G418 (400 pg-mL™") (Geneticin, Life Technologies, Gaithers-
burg. MD. USA) was started 48 h after the electroporation.
After three weeks, G418-resistamt (G418") colonies were
individually picked for further propagation.

For transient transfection assays, the procedure was as
described in Paquette ¢r of, [5]. Briefly, 3 x 10° diHepG2 cells
in 35-cm” multiwell dishes in serum-free medium (Opti-MEM,
Life Technologies) were cotransfected with 2 pg of euach
CAT construct and with | wg of pSV@ (a plasmid encoding
B-galactosidase: Premega) using a cationic liposome formu-
lation (Lipofectin, Life Technologies). The CAT and B-galacto-
sidase assays were then performed 48 h later as detailed [5].

Northern analysis

Total RNA (13 pg) from transfected diHepG2 cells was
prepared [28]. electrophoresed on 1% agarose-formaldehyde
gel using standurd procedures [29], blotted onto magnacharge
nylon membrane (MS1, Westborough. MA, USA) and hybrid-
ized with [a-""P]dATP probes labeled by random priming. For
the Hi9 probe. a PCR-amplified fragment of the human H19
gene [30] was subcloned in pRe/CMYV (Invitrogen) and a 0.5-kb
Apal-HindIll fragment comtaining exons 4-5 c¢DNA was
purified. For the /GF2 cDNA probe, a 1-kb Pstl-Xhol fragment
containing exons 1-9 was used. courtesy of DrJ. Sussenbach
(Department of Biochemistry. Utrecht). Finally, a 2.1-kb
BenHI fragment was used for B-aciin cDNA probe.

¢DNA synthesis and competitive RT-PCR analysis

Total RNA from clones of diHepG2 cells was isolated as

described ubove and treated with RNase-free DNase (Promega).

and cDNA synthesis was performed as described in Paquette
et al. [5]. The internal competitor standard was generated using
PCR-based in winro mutagenesis of JGF2. HI9 or vy-actin as
indicated |31.32). For /GF? PCR. the slandard is 190 bp and
consists of the identical sequence to that of the exon 9-derived
IGF2 ¢cDNA PCR product with an intemal deletion of 46 bp.
For HI19 PCR, the standard is 488 bp and consists of the
identical sequence 1o that of the exons 4-3-derived H79 cDNA
PCR product with an internal deletion of 87 bp. For vy-actin
PCR. the modified standard has lost a restriction site (Bs/EIl)
and gives a fragment of 612 bp instead of two smaller
fragments of 360 bp and 252 bp (see below). Plasmids
containing competitor were aliguoted in fractions of 0.01-
1 % 107" fmol for HI9, 0.01—1 x 1077 fmol for /GF2 and
0.01—1 % 107 fmol for y-actin. IGF2 and H1Y PCR conditions
have been described previously 15,301, For the y-actin PCR. the
cDNA and competitor were mixed with sense (5'-GACAC-
CAGGGCGTCATGGTG-3" and antisense (53'-GCAGCTCG-
TAGCTCTTCTCC-3') y-actin primers (50 pmal each) in the
buiTer supplicd by Life Technologies, supplemented by 2 mm
MgCl. 0.2 mm of each dANTP including 2.5 pCi of
la-""PIJATP (Amersham Pharmacia Biotech) and 2 U of Tag
DNA Polymerase (Life Technologies). The cveling paramelers
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consist of 30 cveles of 60 s at 94 °C and 60 s a1 72 °C. Tollowed
by a final extension time of 10 min at 72 °C. PCR-amplified
products were resolved electrophoretically, and quantified by
phosphorimager analysis.

RNase protection assay

RNase protection assay was performed as described in the
manufacturer’s protocol (Promega). A PCR-amplified fragmem
of human H/9 gene [30] was subcloned in both orientations in
pRc/CMV (Invitrogen). The vectors were linearized at the
unique Hincll site. and served as templates in an in viro
transcription reaction using [a-"-P]JCTP and T7 RNA poly-
merase (Promega). A sense probe of 341 nucleotides (including
94 nucleotides of polylinker and bp +2754 to +3001 of the
human HJ9 gene GenBank accession no. M32053) and an
antisense probe of 30] nucleotides (including 94 nucleotides of
polylinker and bp +3408 to +3001 of the human H/Y gene)
were then generated. The expected size of the major protected
sense transcript fragment is 407 bp whereas that of the
antisense transcript fragment is 125 bp (plus a smaller fragment
of 42 bp not visualized) as the 247 bp probe includes an intron
of 80 bp which will not be protected. Total RNA (15 g) from
stably transfected diHepG2 cells was hybridized 10 5 x 10°
c.p.m. radiolabeled probe overnight at 42 °C in a buffer
containing 80% formamide. 1.0 mm EDTA, 40 mm Pipes
(pH 6.4). and (.2 M sodium acetate. Single-stranded RNA was
then digested in a buffer containing 10 ms Tris/HCI (pH 7.5).
5 mm EDTA, 200 mm sodium acetate with 10 U of RNase
ONE (Promega). and incubated for 1 h at 25 °C. The digestion
was inactivated by adding stop solution containing 10% SDS
and 1.0 mg-mL ™" (RNA. The products were precipitated with
ethanol and analyzed on 6% polyacrylamide denawring gels.
Gels were exposed for up to 8 days to Fuji medical X-ray film
with intensifying screens at —70 °C.

IGF-Il peptide immunoassay in conditioned medium

The clones of diHepG2 cells were plated at 10° cells/well in
six-well plates for 48 h, washed with serum-free MEM and
incubated in serum-free MEM (1 mL per well) for another
48 h. Conditioned media were collected and centrifuged at
1000 g for 10 min. Following concentration by centriprep-3
(Amicon. Beverly, MA. USA) or lyophilization, IGF-II content
was measured afier acid/ethanol extraction by ELISA assav
(Diagnostic Systems. Webster, TX, USA). Cell counts were
performed before and after the 48-h serum starvation.

Data analysis

Regression analysis and Student’s /-lest were performed using
the sTaTvVIEW software (Abacus Concepts. Berkeley, CA.
USA).

RESULTS

We chose diHepG2 cells 10 explore the role of HI9 in the
regulation of /GF2 for several reasons: firstly. the /GF2
trunscription pattern is similar to that of fetal liver: secondly.
the nuclear factors are present for activation of all four
promoters (P3 == P4,P2 = Pl). ulthough P3 is by far the
most important  promoter |33]: thirdly. IGF2 mRNA s
produced in quantities detectable by Northern analysis [33]:
fourthly, the peptide IGF-11 is also produced |34): and

finally. hepatoblustomas have heen shown 1o retain imprinteg
expression of /GF2 |35]. s

Given that lines derived from wmors are often polyploid.
and may thus possess abnormal gene dosages. we used 3
diHepG2-derived cloned cell line which we showed by
fluorescent in sitn hybridization 1o be diploid for chromosome
11 (diHepG2 cells) und to express both IGF2 and HJY ny
RT-PCR and by Northern analysis (data not shown). )

Electroporation of these cells with the vector pRe/CMV alone
(controls) or with the sense and antisense 479 cDNA sequences
yielded multiple G418' clones, 69 of which were further
characterized. The copy number of transgenes was analyzed
by Southern hybridization for H/9. Of ten randomly
chosen clones (including those with the highest levels of
transgene transcription). each had a single or a double-copy
insertion, as calculated by the relative signal intensities o
phosphorimager analysis normalized 1o the endogenous signal
(data not shown).

Production of /GF2 wranscripts and of HJ79 sense and
antisense transcripts was confirmed by Northern analysis and
by RNase protection assay analvsis. respectively. The two
major 6-kb and 2.3-kb JGF2 transcripts (expressed in these
cells from P3 promoter) were routinely detected in all clones by
Northern analysis, with the highest levels observed in the
antisense clones. To evaluate the RNA loading. Northern blots

Control Sense Antisense

A
44— 2.5 kb

B
44— 6.0 kb
44— 2.3 kb

C
) l€«— 2.3 kb

Fig. 1. Northern blot analysis of HI9 and IGF2 1otal RNA in stabh
transfected diHepG2 cell lines with controls, 119 sense or antisense
constructs. (A) Hybridization with an #/Y evon 4.5-xpecific eDNA probe.
The two first lines correspond 1o RNA v two diflerent control clones.
lanes 3 and 4 10 RNA from two different sense chones and Lines S and 6 o0
RENA from two dificrent antisense clones, (140 The same hlot stripped and
rehybridized with an JGF2 ¢DINA probe-as deseribed in the text. (€1 The
sume blot stripped and rehybndized wuli o Boactin ¢cDNA probe as
deseribed in the et
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Fig. 2. RNasc protection assay analysis of
H19 transcripts in diHepG2 cell lines stably
transfected with H19 sense or H19 antisense
constructs. (A) Lane designations are MW,
molecular mass: Probe +, undigested sense
probe: Probe —. undigesied antisense probe:
Probe actin, undigested actin probe. The last
two lanes (Probe = ARNA: Probe -/(RNA)
represent the undigested probes mixed with
tRNA 1o identify nonspecific bands and to verify
if probes are contaminated with RNase. Lanes
containing RNuse-treated probes confirmed
completeness of digestion (data not shown).
(B) Sense transfectants {4, 1op row) hybridized
with antisense (-. second row) or sense

(+. second row) probe. (C) Sense and antisense
transfectants (+or -, respectively, op row)
hybridized with antisense probe (-, sccond row).
The expected size of the major protected sense
transeript fragment is 407 bp. (D) Sense and
antisense transfectants hybridized with sense
probe. The expected size of the major
protected antisense transcript fragment is

++ - - - - - - - Transfectant
4 & ot + pod o4

Probe

<+— 125-bp

125 bp. NS. nonspecific bands seen in undigested
probe control lane. A

(in duplicale) were stripped and rehybridized with a B-acrin
¢DNA probe as an unchanging control transcript. The ratio
between the major 6-kb /GF2 mRNA and the B-acrin mRNA
determined by IMAGEQUANT phosphorimager software was:
0.10 = 0.02 for control clones (cells transfected with the
pRe/CMV vector alone): 0.12 = 0.06 for sense clones and
0.23 = 0.04 for antisense clones (Fig. 1B.C). At exposure
times which permitted detection of /GF2 transcripts. H19 RNA
was detected in sense-transfected cells but not in antisense-
transfected or in controls cells (Fig. 1A).

RNase protection assay analysis, however. confirmed
transcription of the H/9 transgenes, no doubt due to the
increased sensitivity of this technique compared to Northern
blot analysis. The expected protecied fragment of 407 bp from
the sense transfectants was clearly detected after hybridization
with the antisense probe (Fig. 2B.C) but not with the sense
probe (Fig. 2B). Inversely. in antisense transfectant clones,
this fragment (corresponding to the endogenous transcript)
was weakly detected (Fig. 2C). Furthermore. the predicted
protected fragment of 125 bp is only seen in antisense
ransfectants after hybridization with the sense probe: as
expected. overexposure of the X-ray film never revealed this
fragment in sense transfectants (Fig. 2D).

Given the levels of H/9 sense and antisense transcript
expression. a highly sensitive competitive RT-PCR analysis was
next used to more precisely quantify H/9. IGF2 and v-actin
mRNA from three control. 24 sense and 40 antisense clones.
Figure 3A shows a representative RT-PCR assay for each of the
genes: linearity of the three competitive RT-PCR assays over
the range of competitors used was confirmed by regression
analysis. Figure 3B summarizes the results obtained in triplicate
for each gene: each point corresponds to one clone. For cach
clone. the amoumt of IGF2, HI19 and y-actin mRNA was
expressed as the ratio (in arbitrary units) of the intensity of the
specific PCR product 1o the intensity of the internal competitor.
In order 1o permit comparisons between clones. the /GF2 and
H1Y data were normalized to y-acrin 1o control for quality of
RNA and cfficiency of the reverse transcription reaction. In

addition. parallel PCR amplification of the reverse transcription
reaction following incubation either with or without reverse
transcriptase  was routinely performed to ensure that no
genomic DNA was present in the PCR reactions.

Both the sense and antisense transfectant clones showed
variability in the amount of transgene expression as expected.
given the random integration of the constructs. We observed
that H/9 sense transgene overexpression, although very high in
some clones (up to 70-fold higher). did not influence the level
of IGF2 mRNA compured to control cells. However., although
observed HI9 antisense transcript expression was lower in
comparison with sense clones, /GF2 mRNA levels increased up
to a maximum of approximately eightfold (Fig. 3B) in clones
expressing the highest levels of H/9 antisense transcripts. More
importantly. a regression analysis comparing /79 antisense and
IGF2 transcription levels showed a highly significant positive
and linear correlation between the two (P < 0.0001). as seen in
Fig. 3C.

The increase of IGF2 mRNA level in the H/9 antisense
transfectants was accompanied by a significam increase in
IGF-II peptide production. as determined by an 1GF-11 ELISA
on conditioned media obtained from clones in which IGF2
mRNA levels were shown to be the highest (Fig. 4: P < 0.05).
In contrast. the production of IGF-I1 in H19 sense transfectants
wis the same as in the control cells,

We next examined the effects of H19 mRNA on reporter
gene activity driven by the third /GF2 promoter (/GF2 P3). 10
see il H19 mRNA has specific transcriptional effects. and 1o
verify if a local production of H19 RNA (in ¢is, i.e. on the same
DNA strand) is required to see an effect on IGF2 P3. We
hypothesized that with this approach. we would also exclude
direct effect of H19 antisense on this promoter. We performed
transient  transfections  of  diHepG2  cells  with  constructs
containing both /GF2 P3 placed upstream of the CAT reporter
gene and sequences of sense or antisense H/9 ¢DNA under
control of a cytomegalovirus promoter. Transfection efficiency
was monitored by cotransfection with a plasmid encoding the
B-galactosidase  gene (pSVE). Multiple experiments  were
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performed at different ransfection efficiencics. Resulls are
shown normalized 10 CAT activity of a comrol construct
containing neomycin instcad of HIY sense or antisense
(PCMVNEOQ/3CAT) following correction for B-galaciosidase
activity (Fig. 5A). When H/9 was placed in an antisense
orientation (pCMV'HI19-/3CAT). levels of CAT activity were
not significantly difterent from the control pPCMVNEQ/3CAT
construct (.375 << P << 0.4). In contrast, in the presence of H/9
sense cDNA (pCMVHI19+/3CAT), we observed a significantly

<4— 236-bp
¥ | 4— Competitor (190-bp)
) €— 575-bp
4— Competitor (488-bp)
.| €— Competitor (612-bp)
| 4— 360-bp
) «— 252-bp
B
8 -
o] I
B CONTROL
71 A SENSE
.‘3 5 L
P L
o™
w340
-l 2 o o
1 & &
0 s b oa _Aﬂ & A °
0 1 2 3 4
c H19/actin
] B CONTROL o
3 O ANTISENSE o

IGF2/acti
O R N W H WU O N ®

-1 : T T v T T T T s |
-1 0 A .2 3 4 .5 .6
H19/actin

Control

Sense Antisense

Fig. 4. IGF-II peptide quantitation in conditioned media of differen
clones after stable transfection of diHepG2 cells with control, HI9 sense
or HI19 antisense constructs. Each column corresponds 10 the mean of
three experiments performed on a different clone (% SD. »n = 5 conro!
clones, n = 2 sense clones. n = 6 antisense clones). IGF-11 levels in the
conditioned media were determined as described in Materials and methods,
Antisense clones contained higher mean IGF-1I than control or sense
clones. Significance was achicved (P < 0.05) using the one-tailed Swudent’s
1-tesl.

decreased level of reporter gene activity relative to pPCMVNEQ/
3CAT (P < 0.0005). Constructs in which /GF2 P3 promoier
elements were omitted. thus placing the CAT gene without any
promoter control, failed to produce significant CAT activity,
thereby excluding cytomegalovirus promoter-directed CAT
transcription.

Another set of plasmid constructs was designed in which the
cytomegalovirus promoter segments were omitted. Results are
shown normalized to CAT activity of a control plasmid with
neomycin instead of H/9 sense or antisense (pNEO/3ICAT)
following correction for B-galactosidase activity, In these
experiments, the pH19+/3CAT construct was not significanily
different from pHI19~/3CAT (£ > 0.9). excluding an effect of
the Hi9 DNA on the activity of the /GF2 P3 promoter
(Fig. 5B). It should be noted that the activity of P3 in the
absence of cytomegalovirus promoter is comparable to what we
have shown previously [5].

Fig. 3. Competitive RT-PCR analysis of IGF2, H19 and y-actin mRNA
levels of different clones after stable transfection of diHepG2 cells with
control, H19 sense or H19 antisense constructs. (A) Examples of the thvee
competitive RT-PCR assays using a range of internal-standard amounts 10
assess the linearity of the assay. The relative concentration of endogenous
transcript in cach clone is that concentration of internal competitor added ot
which the intensity of the specific PCR product is near that of the internal
standard (competitor amount in femtomoles: for JGF2 lane 1= 1 ~ 1077,
lane 2=1x 107" Jane 3=1x 10°% tane J=1 » 10 ° Lo
S=1x " for HI9 e 1=1>107% Jane 2=1 10 °
lane 3=1x 1077 e 4 =1 x 107", lane § = I: for y-actin L
b= 1% 10% dane 2= 1 10" dane 3= 1. ke 4= 1 > 10 ', bow
S=1 % 1077, (B) Euch poimt correspends to a clone (i = 24 setis
clones. n = 40 antisense clones) and represents the value Gin arbitrary units
determined in triplicate for cach competitive PCR reaction) of JGF2 mRNA
level as o function of H79 sense or antisense mRNA fevel, determined s
described in Materials and methads. In addition. all chnes were normalized
for the y-actin mRNA content in order 10 permit comparisons hepween
clones. Three comrol clones are included for comparison, and lic close
the origin. (C) Regression analvsis wis performed on antisense clones and
shown o be highly significant (R = 0,575 P - 00001


rlim
Rectangle


l POMRHI B AT

[EHIIETTT [ car | scwenser ear
@] Hip- l@ CAT I LA ok = et
@[ ws | T er ] i
1
B om s & B
Eorractad CAT activity (% pLMVAEC) ICAY)
B
| wiee | @ [ car l PHIG L ACAT
e Gy [ow ]

PHLY FRCAT

o .-}0 ‘: 2 ;0'_- - IW 1

Cormacted CAT scthvity (% pNEO/ICAT)
Fig. 5. Effects of the H19 mRNA on IGF2-P3 driven CAT expréssion in
transiently transfected diHepG2 cells with HI9 sense or H19 antisense
constructs. Generation of the reporier gene construcis is described in
Materials and meihods. To contral the cfficiency of transfection. each
construct was cotransfected with a plasmid encoding the B-galactosidase
gene (pSVE). Al transfections were pérformed in triplicate. The results of
CAT activity. corrected by B-galactosidase activity, are presented normal-
ized to pPCMVNEO/ACAT in (A} (11 = 6 experiments) and 1o pNEQ/ICAT
in (B) {n = 2 experiments) (mean = SE),

DISCUSSION

A functional significance for the reciprocal regulation of H19
and JGF2 was initially suggested by indirect evidence that H19
may be acting as a suppressor of IGF2 and/or of other genes
involved in growth. For example, matemnal loss of 11p135.5 was
correlated with the appearance of tumors in the Beckwith—
Wiedemann syndrome of fetal macrosomia [36]. Also, in the
mouse model of Beckwith-Wiedemann syndrome, involving
transactivation of JGF2. it was shown that the /gf2 transgenes
were repressed during development and the endogenous Jgf2
locus became hyperactivated, concomitant with a reduction in
H19 mRNA [37]: Evidencé supporting & tumor suppressor role
for H19 was obtained in witro because, when cell lines derived
from embryonal tumors were transfected either with HI9
genomic DNA fragments [38] or with an £/9 ¢DNA construct
[13]. wmorogenicity was decreased. Unfortunately, /GF2
expressign was not evaluated in these studies.

Reactivation of the silent fgf2 matérnal allele and the
resultant overgrowth seen in the initial 79 knock-out models
raised expectations that the tumor suppressor role of H/9 was
via its effects; in ¢is. on fgf2 silencing [19,20]. More recent
studies deleting the H19 transcriptional unit found no loss of
tprinting of Jgf2 in neonmal liver [25,26) and only 4 small
relaxation of fgf2 impriming in skeletal muscle. which resulted
in a 17% increase of Jgf2 mRNA [26]. These and other
experiments [39-41] suggest that #79 mRNA is not required to
maintain the imprinted expression of fgf2, and that absent HI9
ll’.ll’l(Cl’l[)llOl‘l does not-always imply biallelic Igf2 expression. a
least in 1hese mouse models.

Recruitment of the second (maternal) allele may not be the
only mechanism leading to increased JGF2 mRNA. however, Li
et al. [27] have shown. by @i sine hybridization. an inverse
correlition between H79 expression and cytoplasmic levels of
IGF2 mRNA in.a Wilms™ tumor: eells negative for H19 showed
@ two 10 threefold increase in /GF2 mRNA. Furthermore. H/9
mENA was shown 10 be associated with p@lysomes_and thus
may also participate in moduliting translation of JGF2 mRNA,

We used diHepG2 cells disomic for chromosome 11 to study
he effects of u decrease in the level of HI19 transcripts on the

expression level of JGF2 using an HI9 aniisense approach.
IGF2 mRNA levels were increased up to eightfold: the
magnitude of this increase was directly proportional to the
level of H19 antisense transcription even at levels of expression
which were severalfold lower than the levels of HJ9 scnse
transcription uachieved. Our inability to detect high levels of
antisense H79 transcripts may be explained by the degtadution
of the RNA-RNA hybrid molecules by enzymes that selectively
cleave RNA sense/antisense: duplexes [42]. The mechanism of
action of the H]% antisense is assumed to be via its ability to
decrease endogenous H1¢ levels. An alternative possibility is
that the antisense transcripts may have more direct effects on
IGF2 transcription. One of the rationales for proceeding 10 the
transient transfection studies was to address this possibility, If
the antisense transcripts could directly act on the major HepG2
IGF2 promoter, then its expression in tandem to this. promoter
should have resulted in an increase in reporter gene activity
compared to the control constructs, This was not the case.

The modest increase in KGF-1I peptide production compared
to the marked increase in mRNA may be explained by the
differential polysomal localization of human /GF2 mRNA seen
in diHepG2 cells and fetal liver. Previous studies have shown
that the majority of the 6.0-kb transcripts have sedimented as a
100S particle, indicating that this mRNA is sequestered as
riboriucleoprotein, and is therefore completely untranslated
[43]. The fact that cells were not grown under the samé culture
conditions for the two assays, may also make extrapolations
between mRNA levels and peptide levels difficult. For IGF-11
peplide measurements, the cells were incubated for 48 h in
serum-free MEM in order 1o ensure that serum-derived 1GF-11
would not interfere in the IGF-Il ELISA. Indeed, in growth-
amrested cells, an increase (up 1o 87%) of 6.0-kb mRNA is.
found within ribonucleoproiein particles; therefore these
transcripts are highly post-transcriptionally regulated [44),

A puzzling finding was the observation that H19 sense
ransgene overexpression, although very high (up o 70-fold
higher), did not affect the level of J/GF2Z mRNA compared 1o
control cells. This suggested that there was either a threshold
effect of 479 on IGF2 or that the transcriptional product of the
randomly integrated, H/9 transgene was not accessible 1o
IGF2, i.e. cannot act when the two are in trans.

To see if H/9 mRNA has a specific effect on transcription.
we performed transient transfections with constructs containing
both & reporter gene driven by JGF2 P3 and sense or antisense
HI19 cDNA sequences under control of a cytomegalovirus
promoter. We show a significantly decreased level of reporter
gene activity (P = 0.0005) from reporter gene constructs
containing sense H79 cDNA {pCMVH19+/3CAT). relative to
those with antisense AJ9 ¢cDNA (pCMVHIS-/3CAT) or
neomycin (pPCMVYNEO/ICAT).

Transient ‘transfection results, in contrast to stable trans-
fection results. show that sense H/9 mRNA repressed

transcriptional activity of JGF2 P3. perhaps because a local

production of H/9 mRNA (on the same DNA strand) is

Tequired It showld also be noted that in transient transfections.
P3 is present in large numbers and not saturated by endogenous

transcriptional regulators (including perhaps endogenous H/9).

Conversely. seemingly in contrast with the stable transfection
results, transient transfection resulls show that antisense HiY
RNA doex not effect the tramseriptional activity of IGF2 PA.
This could be explained by 4 level of the HIY endogenous
transcript (the target of the untisense H19) insufficien 1o
interacl with P3-CAT, which is in excess.

Our results do not allow us (0 determine if the ¢ffects of 1he
HI9 anseripts are allelesspecific. but they do indirectly


rlim
Rectangle


support a role for the H/9 gene in JGF2 transeription. What is
also clear, however. is that the increase in JGF2 mRNA level of
up to cightfold. which was observed when antisense H/9
transcripts were stably overexpressed, cannot be duc simply to
a doubling of gene dosage. as would be seen if the cells had
undergone relaxation of imprinting. We hypothesize therefore
that H19 may participate in /GF2 gene regulation independent
of allelic usage. Imerestingly, the converse (i.e. regulation of
H19 by IGF2 gene overexpression) did not occur in our model
of human embryvonal kidney fibroblast cells stably transfected
with full-length IGF-11 ¢cDNA. as we have previously shown
[45]. Precedents do exist- both for RNA as a transcriptional
regulator [46-48]. and for the presence of nontranslated,
possibly regulatorv. RNAs within other imprinted regions
[49-54].

In conclusion. we have shown, in stable transfections, that an
antisense H19 transgene increases /GF2 mRNA and IGF-I1
peptide levels. Furthermore. in transient transfections, we show
a significantly lower level of /GF2 P3 activity from reporter
gene constructs containing sense H/9 cDNA. relative 10 those
with antisense H/9 or neomycin ¢cDNA. These data offer
further evidence to support a tumor suppressor role for H/9. via
its ability 1o regulate /GF2, and we hypothesize that H/9
mRNA is affecting /GF2 transcription. It will be important 1o
determine if the regulation is allele-specific or independent of
imprinting.
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