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Human Proviral mRNAs Down Regulated in Choriocarcinoma
Encode a Zinc Finger Protein Related to Kruppel
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RNA transcripts of the HERV-R (ERV3) human provirus that are abundant in placenta but absent in
choriocarcinoma contain nonproviral genomic sequences at their 3' ends. We report here the isolation ofcDNA
clones of these genomic sequences. The transcripts encode a Krtippel-related zinc finger protein consisting of
a unique leader region and more than 12 28-amino-acid finger motifs.

We previously characterized a single-copy human provi-
rus, HERV-R (ERV3), that is located on chromosome 7 and
abundantly expressed in the placental -chorionic vili
throughout gestation.' Although HERV-R transcripts are
expressed in most other normal and malignant human tis-
sues, they are absent from the six choriocarcinoma cell lines
tested so far (12; M. Cohen, unpublished data). Gestational
choriocarcinoma is a disease of the mother resulting from
,malignant transformation of the highly invasive placental
trophoblast. Although extraembryonic syncytiotrophoblasts
are normally shed into the maternal blood and accumulate in
various organs (8), little is known regarding the timing or
stage of differentiation during which transforming events
occur.
There are three env-containing HERV-R mRNAs of 9, 7.3,

and 3.5 kilobases (kb). Although the 3.5-kb mRNA contains
only proviral sequences (4, 13), the 9- and 7.3-kb mRNAs are
unusual, extending through the 3' long terminal repeat to a
splice donor site downstream from the provirus. These
mRNAs contain an additional 5.5 and 3.8 kb, respectively, of
human sequences (13).
To characterize the nonproviral portion of these mRNAs,

we isolated a cDNA clone, Prll9, from a randomly primed
human placental cDNA library (10) by using a hybridization
probe, P3, from the genomic flanking region adjacent to the
3' end of the provirus (Fig. la). Then, by using a fragment
from Prll9, p4, we isolated an overlapping cDNA clone,
Pr2-45, from the same library (Fig. la). The composite
cDNA sequence (Fig. lb) reveals a 1,281-base-pair open
reading frame (ORF) beginning with two consensus Met
initiator codons (16).
The ORF consists of two regions, an 84-amino-acid do-

main at the NH2 terminus followed by a domain containing
12 28-amino-acid direct repeats of a zinc finger motif of the
C2H2 class (7) (Fig. 2). The encoded protein would have a
molecular weight of 50,056 and a calculated pI of 10.2. The
motifs contain the consensus His-Cys link sequence con-
necting adjacent finger loops, which is characteristic of
Drosophila Kruppel (Kr) (Fig. 2). Kr encodes a zinc finger
protein which is structurally homologous to Xenopus tran-
scription factor IILA (17, 22). In Drosophila melanogaster,
expression of the Kr gene is an essential part of normal
embryonic development. The Kr gene product binds DNA in
a sequence-specific manner and is thought to function as a
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transcription factor (21, 24). We named the gene H-plk for
human provirus-linked Kruppel.
A search of the GenBank data base revealed that H-plk is

very similar to a previously identified human Kruppel-
related cDNA clone, HPF9 (M27879) (1). HPF9, which lacks
upstream proviral sequences, begins near the middle of the
H-plk 5' noncoding exon. The two sequences are nearly
identical throughout the remainder of this exon and the
unique NH2 terminus and first seven zinc finger motifs of the
H-plk ORF. However, from that point the two sequences,
while closely related, are clearly not identical. As was
previously shown, the large HERV-R mRNAs differ only
within their nonproviral sequences as a result of alternative
processing in the region downstream from the provirus (13).
Thus, H-plk and HPF9 may represent different, alternatively
spliced mRNAs.

In comparisons with characterized genetic loci, H-plk is
most closely related to the mouse Kruppel-related gene,
mKr-2, which is expressed in neurons of embryonic' and
adult mice (3) (Fig. 2).
To determine the genomic organization of the HERV-

RIH-plk locus, we probed Southern blots (23) of human,
chimpanzee, and mouse genomic DNAs with H-plk EcoRI
fragment p4 (Fig. la). This fragment contains the central
portion of the H-plk zinc finger repeats, which extends from
the middle of motif 4 to the middle of motif 8 (Fig. 2). When
hybridized to DNAs of our H-plk-containing lambda clones,
the fragment detected all of the EcoRI fragments which
make up the ORF (data not shown). With this probe, more
than 25 distinct bands were observed in human and chim-
panzee DNAs. Longer autoradiographic exposure also re-
vealed hybridization in mouse DNA (Fig. 3a). These results
suggested that the zinc finger motifs of H-plk are part of a
conserved, multigene family. From hybridization studies
with a degenerate oligonucleotide probe for the consensus
Kr His-Cys link region, Bellefroid et al. (1) estimated that
human DNA actually contains about 300 Kr-related se-
quences.

In Northern (RNA) blots of placental RNA, the H-plk zinc
finger probe, p4 (Fig. la), detected 9- and 7.3-kb mRNAs
characteristic of HERV-R transcription (Fig. 3b). As ex-
pected for HERV-R-initiated mRNAs (12), this probe de-
tected neither transcript in RNAs isolated from choriocarci-
noma cells (Fig. 3b). The 4.2-kb transcript represents an
H-plk-related mRNA, since its signal was significantly de-
creased by high-stringency washing, which is in contrast to
the effect on the 9- and 7.3-kb signals (data not shown).
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FIG. 1. (a) Isolation of H-plk cDNA and genomic clones (M33990). The following are indicated: HERV-R proviral regions (EJ) and
nonproviral regions of mRNAs and cDNA clones (_) (map is expanded for cDNA clones), hybridization probes (ED), and intervening
sequences not present in mRNAs (). Genomic locations ofcDNA sequences downstream from 5' noncoding exon were not determined.
R, EcoRI sites; (R), EcoRI sites generated as a result of cloning; 4 , Alu repeated element oriented in direction shown; LTR, long terminal
repeat. (b) Composite nucleotide sequence of Pr-119 and Pr2-45 cDNA clones. Clones are identical in their approximately 0.82-kb overlap.
Sequence begins in HERV-R env pl5E (4). Domains: 3' long terminal repeat, nucleotides 122 to 712; Alu repeat, nucleotides 929 to 1089; 5'
noncoding exon, nucleotides 1090 to 1222; H-plk ORF, nucleotides 1285 to 2565; Pr-119, nucleotides 1 to 2277. Although the sequences at the
right terminus of Pr2-45 were not determined, the clone contains nucleotides 1462 to approximately 2949. 4 , Splice site.

From a HeLa cell partial EcoRI genomic library, we mately 8 kb downstream from the provirus is identical to a
isolated genomic clone H2.7-13, which contains sequences 133-base-pair sequence found in cDNA clone Pr-119 (Fig.
downstream from the original HERV-R lambda clone (20), lb). This sequence, a 5' noncoding exon, begins with the
by using HERV-R-flanking fragments, pl and p2, as probes consensus splice acceptor sequence TTTITGTGTTTTT
(Fig. la). Sequence analysis revealed that a region approxi- CAGIG and ends with the splice donor sequence GIGTA
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FIG. 2. Sequence of a protein with multiple zinc finger motifs, predicted by the H-plk ORF. Residues denoted by one-letter code (5) are
shaded where they correspond to the consensus H-plk sequence. Consensus motifs were derived from sequences within the respective ORFs.
Underlined Met residues denote consensus initiator codons (16). Boxes identify potential N-linked glycosylation sequences in ORF. Asterisks
represent in-frame terminator codons. Consensus zinc finger motifs of HI-plk, Kr (22), and mKr-2 (3) are shown at the bottom.
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20 40 60
GACTAATGGCCCTAACTAAG TATTAACCCCTGCCAAGAAA AGAGCTACTTCCTCTTGAAG

120 140 160
AAAAAGCATCAAAGGGGGGA GAAGCAGGAAATATAAAA GGAAAAACAAGTAAAGGGAA

220 240 260
CTGCTGGAGCTATGATAATT ATCTGCAAGGCCAGGCAGGG GCTCCGAAGGAGGGCTCCAG

320 340 360
CTGTTTGAAATTCTCTCCCC ATAACATTATTCTTTGTTCT GCTCTCACAACTATTTTTGT

420 440 460
TTTTTCTTTCTGTAGCATGG CAAGGTCACAAGACATGTTT AAGTAAGGTAGGCTCATGTT

520 540 560
GCCTTTGTTCTGCTTCTGTA AGACTGCTTTCTCACCTCGC AGGTTTTGCGCCAAAAACCC

620 640 660
GTCTTTGTTCCGGGCTCAGC CTTTGGATGTTAATCCGCTG GGCCAGTGGCCACCTAAATA

720 740 760
GTTCCCACAAC ATAAGCA TTCCTTTTTCTCTGCAACCT AGCCCGCATCTGTCATTGAC

820 840 860
CACTGTGGTTTTTCTCTGCA TTTTTCTAATAATTAACAAC GTGAATTTTGTTTTCATGTG

920 940 960
TTCATGTTTTTGCTTACTTT TTAATTA TTTTTGGTTTT CTTTTTGTTGTTGTTGTTGT

1020 1040 1060
CAGTGGCATGATCTCGACTC ACTGCAACCTCCACCTCCCA GGTTCAGATGATTCTTCTGC

1120 1140
ATTTATGGATGTGGCCATAG AATTCTCTTTGGAGGAGTGG

1 220 1 240
AACCTGGTTTTCTTGGGTGA AGGTATTGCTGTCTCTAAGG

1160
C AA TGC CTGGACAC TG CA CA

1260
CAGACCTGATTACCTGTCTG

80 1 00
TAAATGAAGATAGTGATGCT TTCTCTTAAACTTTACTTAT

1 80 200
AACAAGTCCTTTCCTGACCA GTCTGACTCACTCCAAAGTC

280 300
GAGCAGGGATGAGAAAAACA AGTTCTCCTTATCAGTTTCC

380 400
AACTATTTCTGCAAGTCTGT AAAGATTTTGTAAGTTCTTG

480 500
GCAAATCCTGTTGTAAAACC TGTCAACGGTATGATTAACT

580 600
GACTTGCCCCTGCCTGATGC ATGTATAAAAGTCAAGCCCT

680 700
AAACCTTCCTGTTGCACCCA GTGATCTCTCCGGCCTCCTG

780 800
TTTTTAACAATAGGCATTCT GACTGGATGAGATGGTATCT

880 900
CTTGTCAGCCACATGTATGT CTTCTTTTGAAAAGTATCTG

980 1 000
TTTCTGAGATGGAGTCTTGC TGTGTCACCAGGATGGAGTG

1080 1100
TTCAGTCTCCTGAGTAGCTG GGATCACA GACCATTGAC

1180 1200
GCAGAATTTATATAGGCATG TGATGTGAGAGAACTACAGA

1280 1300
GAGCAAGGAAAAGAGCCCTG GAATTGAAGAGACATGAGA

1320 * 1340 1360 1380 1400
TGGTAGCTAAACATTTAGTT ATGTTTTATTATTTTGCCCA ACACCTTTGGCCAGAGCAGA ACATAAGAGATTCTTTCCAG AAAGTGACCCTAAGAAGATA

1420 1440 1460 1480 1500
TAGAAAATGTGGATATGAGA ATTTACAGTTAAGAAAAGGC-TGTAAAAGTGTGGTTGAGTG TAAACAGCACAAAGGAGATT ATAGTGGACTTAACCAATGT

1520 1540 1560 1580 1600
TTGAAAACTACCTTGAGCAA AATATTTCAATGTAATAAAT ATtTAGAAGTTTTCCATAAA ATTTCAAATTCAAATAGACA CAAGATGAGACATACTGAAA

1620 1640 1660 1680 1700
ATAAACATTTTAAATGTAAA GAATGTCGCAAAACATTTTG CATGCTTTCACACCTAACTC AACATAAAAGAATCCAAACT AGAGTGAATTTCTACAAATG

IM

1720 17
TGAAGCATATGGAAGAGCCT TTAACTGGTCCTCAACCC

1820 18
GCCTTTAACCAGACCTCACA CCTTATTAGACATAAGAG

1920 19
CGACCCTTACTACACATAAT ATAATTCATACTGGGGAA

2020 20
TAAGTTAATTCATACCGGAG AGAAACGTTATGAATGTG

2120 21
GGAGAGAAGCTGTACAAATG TGAAGAATGTGGTAAAGC

2220 22
AATGTGAAGAATGTGGCAAA GCTTTTAAACAATTTTCA

2320 23
CAAAGCTTTTAACCAACTCT CAAACCTTACTAGACATA

2420 24
TCCTCAGCCCTTAATACACA TAAGATAATCCATACTGG

2520 25
CATGTAAGAAAATTCATACT GGAGAGAAACTCTACAAA

2620 26
TACTGGAGAGAAACCCTACA AATGTGAAGAATGTGGCA

2720 27
TACAAATGTGATGAATGTGG CAAAGCTTCTACCTGATC

2820 28
GTGGCAAAACTTCTAACCAT TTCTCAACCTTTACTAAA

ACT. Furthermore, the exon is 61% identical to the 5'
noncoding region of mKr-2 (3) (comparison not shown).
The splice donor site of the 9- and 7.3-kb HERV-R

mRNAs was located precisely 377 base pairs downstream
from the proviral 3' long terminal repeat (Fig. lb) (13).
Sequencing of HERV-R in this region revealed that the
splice donor site is located within the central region of an Alu
repeated element oriented opposite to the direction of H-plk
transcription (11). Alignment between the genomic Alu se-
quence and the cDNA clone indicates that the HERV-R 9-
and 7.3-kb mRNAs contain the 3' half of the Alu repeat (Fig.
1).
What evolutionary events may have given rise to a tran-

scription unit containing both endogenous retrovirus and
zinc finger protein sequences? Normal H-plk gene transcrip-
tion in a primate ancestor of humans may have been dis-
rupted by integration of the HERV-R provirus. The H-

40 1760 1780 1800
TT AATAAACATAAGAGAATTCA TACTGGAGAAAAACCTTACA AATGTAAAGAATGTGGCAAA

140 1860 1880 1900
'AA TTCATACTGAAGAGAAACCC TACAAATGTGAAGAATGTGG CAAAGCCTTTAACCAGTCAT
40 1960 1980 2000
IAT TCCCTACAAATGTGAGAAAT GTGTTAGAGCTTTTAACCAA GCCTCAAAGCTTACTGAACA
140 2060 2080 2100
AA GAATGCGGCAAAGCTTTTAA CCGATCCTCAAAACTTACTG AACATAAGTACATTCATACT
40 2160 2180 2200
CT TTAACCAGTCCTCAACCCTT ACTACACATAAGAGAATTCA TAGTGGAGAGAAGCCCTACA
!40 2260 2280 2300
iAA TCTTACTGACCATAAAAAAA TTCATACTGGAGAGAAACCC TACAAATGTGAGGAATGTGG
140 2360 2380 2400
WAG GTAATTCATACTGGAGAGAA ACCCTACAAATGTGGAGAAT GTGGCAAAGCCTTTAACCAG
140 2460 2480 2500
AG AGAATCCCCACAAATGTAGA GAATCTGGCAAAGTTTTCCA CCTATCCTCAAAACTTAGTA
i40 2560 1 2580 2600
TG TGAAGAATGTGGCAAAGCCT TTAACTG CTTCAACCCTT ATTGGACATAAGAGAATTCA

;40 2660 2680 2700
LAA GCTTTTAACCAATCTTCAAC ACTTACTACACATAAGATAA TTCATACTGAAGAGAAACAG
40 2760 2780 2800
,CT CAAAACTCATTGAACACAAG AAAATTCATACTGGAGAGAA ACCTTACAAGTGTGAAGAAT
140 2860
CA TAAGATGATTCATACTGGAG AGAAGTTACACAA

FIG. 1-Continued.

plk-coding exons were probably acquired in mRNAs
initiating in the HERV-R 5' long terminal repeat by subse-
quent evolution of splicing signals downstream from the
provirus. The availability of a cryptic splice donor site in the
Alu element may have been critical for the survival of the
H-plk gene after HERV-R integration. Alternatively, the Alu
element may have inserted after HERV-R integration, pro-
viding the means by which H-plk transcription could become
associated with the provirus.
The importance of transcription regulators in transforma-

tion and malignancy is well established. c-jun and c-fos are
examples of nuclear proto-oncogenes that contribute to
transformation by positive activation (18). The role of other
classes of nuclear proteins as transcription regulators in
malignancy is still emerging. Expression of murine and
human zinc finger genes Evi-J (19), GLI (14, 15), and MOK-2
(6) is associated with transformation and neoplasia, and
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FIG. 3. (a) H-plk gene as a member of a multigene family. Cellular DNAs of normal human placenta, STLV-1-infected chimpanzee cell
line chM 114 (25), and mouse NIH 3T3 cells were studied by Southern analysis (23). Autoradiographic exposure was fivefold longer on the
right than on the left. (b) H-plk mRNAs expressed in human cells. RNAs isolated from human placenta and choriocarcinoma cell lines JAR
and BeWo were analyzed by Northern hybridization with H-plk zinc finger probe, p4, (Fig. la).

recently a Kruppel-related zinc finger gene was located in a
chromosomal region that is homozygously deleted in Wilms'
tumor, suggesting that it may be the Wilms' tumor suscep-
tibility locus (2, 9). We are studying the possible role of a
highly expressed zinc finger gene, H-plk, during normal
human development and the significance of its transcrip-
tional down regulation in choriocarcinoma. Experiments to
characterize human chromosome 7-choriocarcinoma micro-
cell hybrids and to determine the cellular location and extent
of H-plk protein expression are in progress.
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