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Oncofetal splice-pattern of the human H19 gene
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Abstract

H19 is an imprinted gene that demonstrates maternal monoallelic expression in fetal tissues and in some cancers, and very likely

does not code for a protein. H19 is involved in the regulation of cell proliferation, embryonic growth, and differentiation through

upstream and downstream cis elements that influence the expression of IGF2, a closely physically linked gene, and also through its

RNA involved in metastasis and angiogenic processes. We report the identification of an alternatively spliced variant of H19 RNA

that lacks part of exon 1. This variant was detected in human embryonic and placental tissues, but not in bladder or hepatocellular

carcinomas. A very low level of this variant was also detected in colon carcinoma. The observed pattern of expression suggests that

this splice variant is a developmentally regulated H19 gene transcript.

� 2004 Elsevier Inc. All rights reserved.
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H19 is the first human imprinted gene with no protein

product described to have oncofetal properties [1]. The

gene is located in an imprinted gene cluster on human

chromosome 11 (11p15.5) where it is physically (and

mechanistically) linked to the insulin-like growth factor

gene, IGF2, whose product is known to be involved in

the regulation of cell proliferation, growth, and differ-

entiation in the embryo [2]. IGF2 is also expressed in
many neoplasms [3]. H19 and IGF2 are reciprocally

imprinted genes; H19 is expressed only from the ma-

ternal allele during embryonic growth [4]. So far, the

only known gene product of H19 is its RNA [5]. The

H19 gene is abundantly expressed during embryogenesis

and fetal development, but is normally shut off after

birth in most tissues [6]. However, in cancers of different

etiologies and lineages, expression of H19 RNA is up-
regulated and an aberrant expression in allelic pattern

was observed in some cases [7], suggesting that H19 may

play a key role in tumorigenesis. Furthermore, our ob-

servations that ectopic expression of H19 RNA alters
* Corresponding author. Fax: +972-2-561-0250.

E-mail address: imatook@cc.huji.ac.il (I. Matouk).

0006-291X/$ - see front matter � 2004 Elsevier Inc. All rights reserved.

doi:10.1016/j.bbrc.2004.04.117
expression profiles of genes involved in metastasis and

blood vessel development support the notion of a role

for this gene in tumor invasion and angiogenesis. This

role seems to be triggered by stress conditions that ac-

company tumor growth. It is especially noteworthy that

many of the genes modulated by H19 RNA are also

hypoxia responsive [8]. Moreover, a proteomic ap-

proach has revealed that H19 overexpression in human
cancerous mammary epithelial cells, stably transfected

with genomic DNA containing the entire H19 gene, is

responsible for positively regulating the thioredoxin

gene at the post-transcriptional level, thioredoxin being

a key protein of the oxidative stress response and

deoxynucleotide biosynthesis [9].

We are in the process of designing a DNA-based anti-

cancer drug that will target the H19 gene RNA se-
quences. While searching for published H19 sequences

in the NCBI GenBank, two H19 splice variants (2090

and 1797 bases) were noted in human placental tissues.

The two splice variants lacked different, but partially

overlapping, sequences of H19 exon 1 extending either

from nt 149 to 366 or from 259 to 769 according to the

published position of the transcription initiation site [5]
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(this corresponds to the NCBI GenBank Accession Nos.
AK056774 and AK092486, respectively). We report here

the identification of an alternatively spliced variant of

the H19 gene that differs from both of the variants listed

above. Furthermore, we show that this variant is not or

barely present in different human cancer specimens and

carcinoma-derived cell lines, but it is expressed in hu-

man placentas of different ages and in several fetal tis-

sues suggesting the existence of a developmentally
regulated H19 splice variant.
Fig. 1. Detection of an alternatively spliced variant of H19 in human

embryonic and placental specimens. (A) Schematic representation of

chromosome 11 showing the location of the H19 gene, which is com-

posed of five exons (E1–5) (solid boxes) and four short introns (lines

between boxes). The positions of primers used in the PCR are marked

by horizontal arrows and are 117 and 816 bases downstream to the

published transcription initiation site [5]. The spliced segment lacking

is indicated by a grey box. (B–D) Ethidium bromide stained gel for

RT-PCR. (B) Hep3B and SKHep1 are hepatocellular carcinomas cell

lines; RT4 and Umuc3 are bladder carcinoma cell line (B,C) placental

specimens: first trim (first trimester); Mola, hydatiform mole; and third

trim (third trimester). (C,D) LG-BC, low-grade bladder cancer; HG-

BC, high-grade bladder cancer; NB, normal bladder; NC, normal

colon; CClym, colon cancer metastasized to lymph node; CCliv, colon

cancer metastasized to liver; CC, colon cancer; C, negative control; and

M, marker 100 bp ladder. The sizes of the products are indicated to the

right. (E) RNase protection assay. Arrowhead indicates the presence of

the alternatively spliced variant 344 bases in third trimester placental

tissue. Two other excessive additional bands, which could indicate the

presence of another alternatively spliced variant, which is undetectable

by RT-PCR, were also detected. (F) Partial sequence analysis of the

alternatively spliced variant reveals a skipping region of 366 bases from

exon 1. The underlined sequence indicates the splice junction. (Nu-

cleotide numbering begins at the start codon.)
Materials and methods

Cell culture. All the human carcinoma cell lines used in this study

were obtained from the American type culture collection (Manassas,

VA) and were maintained in DMEM–F12 (1:1) medium containing

10% fetal calf serum (inactivated 55 �C for 30min), 25mM Hepes (pH

7.4), penicillin (180U/ml), streptomycin (100 lg/ml), and amphotericin

B (0.2lg/ml). Approximately 4� 104 cells/cm2 were plated in polysty-

rene culture dishes (NUNC). Every 4 days, the cells were trypsinized

with 0.05% trypsin–EDTA solution (Biet Haemek) for 10min and re-

plated again at the same initial densities.

Reverse transcriptase polymerase chain reaction (RT-PCR). Total

RNA was extracted from tissues and cultured cell lines using the TRI

REAGENT (Sigma) according to the manufacturer’s instructions and

treated with DNase I to exclude genomic DNA contamination as

described before [8]. The synthesis of cDNA was performed using the

p(dT)15 primer (Roche, Germany), to initiate reverse transcription of

5 lg total RNA with 400U Reverse Transcriptase (Gibco-BRL),

according to manufacturer’s instructions. The PCR was carried out in

the presence of Diaza dGTP (Roche, Germany) with Taq polymerase

(Takara, Otsu, Japan) for 40 cycles (94 �C for 1min, 58 �C for 30 s, and

72 �C for 40 s) preceded by 94 �C for 5min, and a final extension of

5min at 72 �C. The primers used in the PCR were (50-AGGAGC

ACCTTGGACATCTG-30) and (50-CCCCTGTGCCTGCTACTAA

A-30) and were 117 and 816 bases downstream to the published tran-

scription H19 initiation site, respectively [5].

Probe synthesis and RNase protection assay. PCR products from

tissues demonstrating the minor band were purified from the gel by the

GFX PCR, DNA, and Gel Band Purification Kit, and cloned into a T-

easy vector (Promega, USA). The orientation of the insert was verified

by restriction enzyme analysis, and accordingly the labeled antisense

strand was synthesized using digoxigenin UTP, according to the sup-

plier’s instructions (Roche, Germany). The resulting probe was treated

with 2U of RNase free DNase I, pelleted, and resuspended in an ap-

propriate volume of DEPC-treated double distilled water. The size of

the synthesized probe was analyzed by running on a 4% denaturing

agarose minigel, and its labeling efficiency was determined by dot blot

analysis using digoxigenin antibody (data not shown). Third trimester

placenta RNA (among others) which showed the presence of the al-

ternative splice variant was used in different concentrations to detect its

existence by RNase protection assay. Six hundred picograms of Dig-

labeled probe/10lg total RNA (DNase I treated) from third trimester

placenta and yeast RNA equaling the highest concentration of RNA

used were hybridized at 42 �C for 16 h and digested with RNase A and

RNase T1, according to the kit instructions RPA II (Ambion). The

RNA fragments protected from RNase digestion were separated by

electrophoresis on a 5% polyacrylamide gel (containing 8M urea) and

were detected using the CDP Star Detection Kit (Roche, Germany),

according to the manufacturer’s instructions.

DNA sequencing. Sequencing reactions were carried out using the

ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction

Kit (PE Applied Biosystem).
Results and discussion

In this study, we describe the identification of a novel

variant of H19 RNA that lacks part of exon 1. While

searching in published H19 gene sequences in the Gen-

Bank, two H19 splice variants were noted. Based on

these sequencing data, PCR primers (Fig. 1A) were de-

signed for the amplification of an exon 1 sequence which

included the spliced regions identified and nearby adja-
cent sequence elements in exon 1 extending from 117 to
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816 bases downstream to the published transcription
initiation site [5]. These primers were used initially to

screen for the H19 variants in both human placental

tissues and carcinoma cell lines. Total cellular RNA was

extracted from: normal full-term human placentas;

normal first trimester (elective abortion) placentas; hy-

datiform mole (which expresses paternal inherited genes

exclusively); and a third trimester placental specimen.

To investigate whether these H19 allelic splice variants
might be present in cancer, several carcinoma-derived

cell lines were also tested. These included bladder can-

cers (RT4, Umuc3) and hepatocellular carcinoma cell

lines (SKHep1, Hep3B). In all samples, PCR detected

one band (Figs. 1B and C) which corresponded to the

wild type H19 (700 bp) PCR product. Additionally, a

minor transcript of 344 bp was detected in placental

specimen-derived tissues (two hydatiform moles, two
third trimester placentas, and one (out of two) samples

of first trimester placenta) (Figs. 1B and C) and in

various embryonic tissues (Fig. 1D), after extensive PCR

cycling (40 cycles), indicating low prevalence. The al-

ternatively spliced variant was also detected weekly in all

RNA specimens that possessed it after 35 cycles (data

not shown). The 344 bp band was not seen in any of the

transformed cancer cell lines tested. The presence of the
alternatively spliced variant of H19 RNA was also

confirmed by RNase I protection assays (Fig. 1E) from

third trimester placenta. We also get evidence of a sus-

pected new splice variant that is undetectable by the

PCR, as we get two additional protected bands in the

RNase protection assay. PCR products from tissues

demonstrating the minor band were cloned into a T-easy

vector (Promega) and sequenced. Results showed that
the alternatively spliced variant was 344 bp long and

lacked part of exon 1 extending from nt 252 to 588 of the

transcription start site (Fig. 1F). While the alternatively

spliced variant was similar to one variant (GenBank

Accession No. AK092486) in its upstream splicing co-

ordinates, it differed from both previously identified

variants in its downstream splicing coordinates and the

one published [10]. We are aware that the sequences at
the splice junctions do not fit the known consensus splice

junctions. However, we took notice of non-conventional

splice sites in the literature which are not identical to the

common splice sequences. Burset et al. [11] summarized

well several non-canonical splice site sequences. A 10

base sequence around the splice junction, upstream (3

bases) and downstream (7 bases) of the proposed H19

RNA variant, is identical to one of the splice junctions
described by Burset et al. [11], which indicates a sup-

ported 30 exon.

The placenta is a unique human tissue that shares

many characteristics with cancer. It demonstrates a high

cellular proliferation rate, tissue invasiveness, and an-

giogenic properties. Although H19 is expressed at high

levels during placental and fetal development [6], it is
not normally expressed post-natally in most of the tis-
sues; however, it retains its expression in cancers arising

from tissues that used to express this gene in fetal and

embryonic life [1,7]. Therefore, the investigation of al-

lelic splice variants was extended to include specimens of

human bladder cancers of different grades and colon

cancers that had metastasized to various organs, to-

gether with adjacent normal tissue controls. In contrast

to placental and fetal tissues, the 344 bp band of the
splice variant was not and sometimes barely detected in

the cancer specimens (Figs. 1C and D) even after ex-

tensive PCR amplifications.

Developmental processes in general and embryogen-

esis in particular share many biological and morpho-

logical features with cancer, including the differential

activation of onco-developmental genes, like H19 [1].

However, the novel alternatively spliced variant of H19
that we have identified appears to be expressed almost

exclusively in placental and embryonic tissues, and not

in transformed tissues, suggesting that it plays a role in

normal differentiation rather than in oncogenesis. Re-

cently, it was reported that paternally regulated differ-

ential methylation of domains 50 to H19 influenced

IGF2 gene expression in the liver, and these activities are

under developmental control [12]. Moreover, H19 is
abundantly expressed from the very early stages of em-

bryonic differentiation and is positively correlated with

the differentiation stage of placental cytotrophoblasts

[13]. On the other hand, the majority of cancers are

associated with dedifferentiation of normal cells. This

process is often associated with changes in H19 gene

expression.

In principle, a minor transcript such as the one de-
scribed here could function in several different ways to

produce a biological phenotype. The relatively low ex-

pression level of the alternatively spliced variant of H19

RNA could be greatly enhanced or selected under cer-

tain conditions. For example, it was reported that acti-

vation of extracellular cues of several cellular signaling

pathways such as the Ras pathway can regulate splicing

via phosphorylation of the RNA-binding protein Sam68
[14]. The change in the secondary structure resulting

from splicing, as deduced from computational analysis,

could indicate a special role for this variant in a certain

developmental window. Another possibility is that ac-

tivity resides in the sequences at the splice points em-

bedded within the primary transcript rather than in the

mature mRNA itself. Indeed, in higher organisms, an

increasing body of evidence supports the notion that
non-translated RNAs such as introns of protein en-

coding genes, and both introns and exons of non-protein

coding genes, are significant regulators of genomic

programming [15].

It was previously shown that translational repression

of H19 is due to the repressing properties exerted by an

unusually long 50UTR, possibly through the formation
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of stable secondary structures, and by several short open
reading frames (uORFs) that reside upstream to the

longest ORF of H19 RNA [16]. The splicing variant

described here has a modified length of the 50UTR. In

this variant, the longest ORF is preserved (629 bases

from the transcription start site), but three of the pre-

ceding uORFs are deleted (as deduced from computa-

tional analysis). These changes could alleviate the

translational constraints imposed by the non-modified
50UTR. The role of alternative splicing in translational

control through modification of the uORFs has been

reported previously, such as for the vault protein [17].

Further investigations are required in order to clarify

the mechanism(s) of regulation of H19 expression as

well as the role of H19 in development.
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