


ANEXO B



& 1990 Oxford University FPress

Nucleic Acids Research, Vol. 18, No. 16 4665

Coding potential of transfected human placental lactogen

genes

Diana Reséndez-Peérez, Ramiro Ramirez-Solis, Alfredg Varela-Echavartia, Herminia G.Martinez-

Rodriguez and Muga A Barrera-Saldana”

Undad de Laboratongs de Ingenieria y Expresion Genticas, Departamento de Biogquimica, Facultad
de Medicina de la Universidad Auténoma de Nueava Ledn, Monterray, NL, Mexico

Received June 28, 1990 Revised and Accepted July 16, 1990

ABSTRACT

We have joined the promoter-less sequences of the
threa hPL genes (hPL-1, hPL-3 arnd hPL-4) to strong
transcriptional control elements. in vivo 3%S-labeled
proteins from the culture medium of cells transfected
with the genes were resalved on SCS-polyacrylamide
gels. The presence of characteristic labeted bands,
visualized by autoradiography, determined that hPL-4
and hPL-3, but not hPL-1, contribiste to the production
of mature hPL. [n these experiments hPL-3 expressed
word ANA and protein than hPL-4. By exchanging the
first two exons among hPL and hGH genes, we
determined that the abundance of chimeric proteins
depended on the genetic arigin of the first two exons.
finatly, we found evidence imnclicating that the splice
mutation (G — A) at the beginning of the second intron
of hPL-1, is not the only cause of the apparent lack of
inactivity of this gene, since its reversion does not
restore expression,

INTROOUCTION

The human growth hormome-placental (actogen gene farmdy is
T multigene compiex containing two human growth hormone
(hGH) und three human plecental lactogen (hPL., also knuwn as
chorionic somatommamotropin, hCS) genes {1,2). The entire
geng cluster is logated on the long arm of human chromasome
{7 al bands q22 —~24 (3}. The genes display the following 5’ to
3" arrangement: hGH-N, hPL-1 (or hPL-L, L for like), hPL4
(also known as hCS-A or h(C5-1). hGH-V and hPL-3 (also named
hCS-B or hCS-2). The best characterized protein products of this
family are the secreted hGH and hPL polypeptides vontainiag
19N aminc acids. They are produced in the pituitary gland and
plaventa. respectively.

Recombinant DNA analysis has revealed a paradox in the
coding potential of the hGH and hPL genes. The hGH-N gene,
bath in vive and in vitro, geaerates through differential splicing
of its primary iranscription product, 22 kDa (90%) and 20 kDa
({0%) forms of hGH (4,5). The hGH-V gene, whose expression

has been demonstrated only in the placenta and in a single human
pituitary tumaor (6), has recently been confirmed to also generate
in vitro a 22 kDa form. However, no 20 kDa protein derived
from this gene has been detected (7). ¢cDNA cloning and DNA
sequencing aiso have revealed the existence in placenta of a
second type of hGH-V wiRNA. By retaining an in-frame fouxth
intron, this new mRNA is predicted to encode a mature protein
of 26 kDa (3).

A compleiely different situation is observed with the hPL genes,
The hPL-4 and hPL-3 genes have been found to be active in term
placenta. In addition, their cDNAs have been cloned and
sequenced (9). Their mRNAs are slightly divergent in nuclectide
sequence. The encoded pre-hormones of these two mRNAs differ
in a single amino acid position within the signal peptide (at
position —24, hPL-3 codes for alunine while hPL-4 codes for
proline). Yet, the mature hormones are identical. The third gene
(RPL-1}, is presumabiy nonfunctional, since it contains a runaton
(G—A) a1 the 5' or donor splice site of the sccond intron.
Transcripts derived from it have not been detected (9, 10).
Therefore, while two hGH genes generates at least four different
hormones, the sequences of the three hPL genes predict the
synthesis of a single form of mature hPL hormone.

The sequence of both hPL-3 and hF'i.-4 genes and their cDNAS,
predict that they might contribute to the placemntal production of
hPL.. However, since the mature proteins expected to be denved
from them are identical, it is impossible to distinguish their
gene(s) of arigin. No evidence has been obtained demonstrating
that the expression of either gene actually specifies the mature
hPL protein.

In this study we performed an analysis of the i vitro expression
products of all WPL genes. We specificully aldressed the question
of whether or ot the hPL-2 and hPL-4 genes, knawn to be
ranscriptionally active in term placema, produce mawire
hormones. These two genes, at different expression levels, were
foundt capable of producing an intriasic RPL protein. Experiments
were also designed to detetmine if the splice point mutation at
the beginning of the fiest intron of the hPL-1 gene, is the only
cayse of ity apparent lack of expression.

*To whom currcspandeace shauld be addressed
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MATERIALS AND METHODS

Recumbinant DNA constructivas and preparation of plasmid
DNA

Restriction and other enzymes were obtained from commercial
suppliers and used accurding to their manufacturers insttuctions.
The isolation of hGH and hPL gencs have been previously
reported (11). pNUT, constructed by R. Palmiter et al. (12)
which already carries the hGH-N structural gene in front of the
metallothionein promoter, was a generous gift. The hPL genes
cloned in pSV2gpt (13) were kindly provided by G. Saunders.
DNA restriction fragments were purified from preparative
aparose or polyacrylamide gels. This was performed by
electroelution, or by glass bead extraction (14) from the agarose
gel stices. hPL and hGH promoter-less genes were subcloned
into pNUT. The large BamHI to EcoRI fragment of pNUT, was
ligated to DNA fragments carrying the genes of interest. The
genes cansisted of sequences from their natucally occurring
BamHI site (except hPL-1; see Results) at nuclegiide +2, o a
natural or artificial (linkers) EcoRI site located several hundred
nucleotides downstream of the polyadenylation signal. To
construct cur negative control, pNUT(—), we took advaniage
of the presence, in pNUT, of two Xmal sites. They flank hGH
coding sequences: one artificial site is present at position —4,
while the other is a natural site located four nucleotides
downstream of the termination codon. By cutting with Xma 1,
diluting and ligating back, we cbtained the derivative of pNUT
lacking the hGH structural gene: pNUT(—).

Ligations, bacterial transformations and plasmid DNA 1solation
and characterization were carried out using standard protocals
(15). Recumbinant plusmids carrying all hGH, hPL or hybrid
genes wete characterized by digesting their DNAs with several
diagnostic enzymes, by Southern blotting (16) or nucleotide
sequencing (17).

Cell culture, DNA transfection, isolation of RNA and labeling
of secreted proteins

COS-7 cells (a gift from T. Kuo) were adapted to grow in
Duibecco’s modified Eagle's medium (Sigma chemicdl Co, $t
Louis MQO.) containing 1% fetal calf serum (FCS), (Hyclone
Laboratories, Inc. Logan, Utah). They were maintained at 37°C
with 5% CO,. By lowering the FCS concentration we could
precipitate and analyze larger volumes of media. Plasmid DNA
(7.5 g/ 25 o culture flask) was transfected by the calcitm
phosphate method (18). We evaluated transfoction cfficiency
performing CAT assays or through radioactivity counting of RNA
hybridizated with the DHFR probe in slot blots. The CAT assays
were carried out on 2 fraction of cultured cells ar the entire cultuce
co-transfected with hoth the test plasmid and pCMVCat (i9).

Total RNA was recovered by the guanidinium thiocyanate-
phenol-chloroforin technigue (20). Quantity aml quality of RNA
preparations were determined spectrophotometrically and
corroborated by agarose gel electrophoresis (15).

To label newly synthesized and secreted proweins, 48 h after
celis transfection the previously mentioned medium was replaced
for a methionine-free medium comaining 1% dialyzed FCS and
IS methivnine (Amersham Intl, Buckinghamshire, Eagland). in
vivo labeling of newly synthesized prateins was performed by
extending the incubation period for an additional 4 h, We labeled
with 12.5 uCi of »S-methionine per ml of medium. The
mcubated medium was removed from culture flasks and stored.
Since. the genes under study code for secreted proteins, we
recovered their expressed praducts from 150 and 300 gl aliquots

of the media by precipitating twice with four volumes of cald
acetone, Subsequently, we dissolved the recovered proeins it
layering buffer for SDS-polyacrylamide gel electrapharesis 21).

Sovuthern blotting, Northeru analysis, visualization of labeded
proteins and radicimmunocanalysis

RpdCTP was purchased from Amersham [nl
(Buckinghamshire, England). Hybridization of DNA n
nitrocellulose membrane was carried out as described by Southen
(16), RNA was denatured and resolved accarding to size fy
agarose gel (22) electrophoresis, Once the above was performed,
they were transferred to nitracellulose sheets and hybridized
the probe (23). Both hyhridization techniques used as prabe, 2
550 bp Haelll fragment of hPL cDNA (24) labeled with -
dCTF by the technique of random primers (23).

Pratein samples dissolved in layering buffer were boiled for
2 min and applied t0 3 —13% discontinuous polyacrylamide geis
(21). Gels were placed on filter paper and dried under vacoum
at 80°C. The dried gels were exposed to X-ray films at g
temperature. Quantification of hGH was achieved using 2
commercially available hGH radicimmunoassay kit (Diagnostc
pruducts Co., Los Angeles, CA).

RESULTS

A new set of high expression plasmids for hPL structurd
genes

pNUT, contains the S¥40 enhancer and metlothionein promoter
directing the wanscription of the promoter-less hGH-N pee
(figure 1A). In addition, it efficiently expresses hiGH 1 cel
culture (12). We found, by radicimmunoassay, that COS-7 cells
transfected with pNUT by the calciumm phosphate method (18),
yielded extracellular hGH values averaging 700 ng per 25 ca?
culre flask.

We transferred the structural sequences (promoter-less) of al
the hPL members of the hGH-hPL multigene family ato phUT
(see figure 1B). This was accomplished by simply replacing te
hGH-IN gene structural sequences present in pNUT, for te
corresponding sequences of the hPL. genes. However, becaus
HPL-1 gene lacks the convenient BamHI site used for the trapsfer,
we constructed a hybrid gene between hPL-1 and hPL-3 gesss
to provide it with such a siie. The hybrid consists of de
BamH 1 —5' end flanked first exon, first intron, and part of (e
second exon of the hPL-3 gene. The test gonsists of hPL
sequences from the Pl site, within the second excn, ta the
EcoRI site at the 3’ end of the gene. Having construcied s
hybrid allowed us to not only gain the useful BomH] sie, but
alsa allowed us to retain intact the second exon/secand intod
boundary of hPL-1. This area includes the donor splice muiatio
of interest. previously identified as potentially being the caus
of [ack of hFL-1 gene expressian. From herg on, this hybrid gee
will be used instead of the hPL-l wild-type gene. The
recombinant plasmids were characterized by digeston with

restriction enzymes (figure 1C) and by Southem blot analyss
(figure 1D}.

Expressiou of transfected hPL genes at the protein level

The figure 2 awtoradiography reveals that cells transfected will
the plasnuid carrying the hGH-N structural gene (pNUT). seceetrd
characteristic 22 kDa and 20 kDa farms of hGH (lane: hGH-
N). The lane conwining media from pNUTHPL- | transfected orls
(lane: hPL-1), does not exhibit bands of at least the same intesé
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Figure 1. Construction of the hPL and hGH expression plasmids. To subclone
WPL genes into pNUT(A). we replaced the hGH-N gene sequences in pNUT
for the corresponding ones of hPL genes (B). The drawings at the top illustrate
the maps of the expression plasmids (A and B). Both, restriction enzyme (C)
od DNA hybridization (D) analysis, confirmed the identity of the new expression
plasmids. Lanes in C and D show gel and Southern autoradiography of plasmids
ot with EcoRl] plus BamHI and are as follows: |, pNUT: 2, pNUThGH-V; 3,
pNUTHPL-1: 4, pNUThPL-3: and 5, pNUThPL<4. M corresponds 1o molecular
weight (in kbp: at the lefi of C) DNA standards. Only the sizes of hybndizing
bands are indicated (in kbp at the right of D). The hPL-1 is really a hybrid of
BPL-3 and hPL-l (sec Materials and Methods section for explanation). The
pSUThGH-V  construct, presented here, was not amalyzed. MTp=mouse
metallothionein promoter: SVpe=5SV40 carly promoter: DHFR = structural gene
foe dihydrofolate reductase: Ap’=B-lactamase gene: ORI=pBR322 origin of
replication: B=8amHIL. P=Awull, S=S8acl, E=EcoRl Boxes represent exons.

and size of hGH. Media from cells transfected with pNUThPL-4
{lane: hPL-4) presents a less prominent band, but of slightly
greater size (close to 25 kDa) than that of hGH. Finally, the only
hPL-3 form observed (lane: hPL-3). is of hPL-4 size. However,
IS intensity is that of the 22 kDa form of hGH.

Differences in the expression of hPL proteins
As noticed above (figure 2), while the hGH-N gene gives rise
loa prominent band of approximately 22 kDa, hPL-3 and hPL-4
genes express proteins of slightly greater size (~25 kDa).
Furthermore, and consistently throughout several independent
experiments, the hPL—4 band always appeared weaker than the
hPL-3 band. We were interested in investigating the cause of
such heterogeneity in the expression levels of these genes.
To approach this problem, we chose to study the cell culture
prxduction of extracellular hPL-hGH chimeric proteins resulting
from the transient expression of a new hybrid gene pair. These
mybrids possess the first two exons from hPL-3 or hPL-4 genes,
and sequences of hGH-N gene that conform the remaining pan
of their structure. We named these hybrids GH(PL-3:LII) and
GH(PL-3:L.ID) respectively (see map in figure 3A). By comparing
both hybrid genes, differences were observed in the expression
levels of GH(PL-3:1.11) versus GH(PL-4:1.11) chimeric proteins
[figure 3B: compare lanes labelled GH(PL-3:1.11) and GH(PL-4:1,
] Same results, we might add, as with the proteins derived
from normal non-hybrid hPL-3 and hPL-4 genes [see lanes
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Figure 2. n vitro production of secreted proteins by hGH-N and hPL genes.
Media from COS-7 cells transfected with each of the plasmids and incubated in
the presence of **S-methionine, was analyzed by discontinuous SDS-
polyacrylamide gel (5% —13%) electrophoresis and autoradiography. The genc
present in each plasmid used for transfection is indicated at the top. The (—)
symbol identifies the media from cells transfected with the vector alone
[pNUT(=)]. Sizes of characteristic hPL and hGH bands are indicated in kDa
(K) at the left.

labeled hPL-3 and hPL-4 in figure 2 and labeled PL-3 and PL-4
in figure 3B).

Consistently, we obtained less protein when sequences from
the first two exons of hPL-4 gene were present. On the contrary,
we detected more hGH-like protein when the first two exons were
from hPL-3. Moreover, when the last three exons were from
hPL-4 gene, and the first two exons were from hGH-N (see map
of this chimeric at bottom of figure 3A), the band intensity
resembled that of hGH-N protein [figure 3B, lane PL-<4(GH:I,IT)].
Therefore, relative abundance of hPL protein products is a
function of the first two exons.

To further investigate the different levels of in vitro expression
observed for these active hPL genes, we carried out estimations
of the relative abundance of their RNA transcripts. Using slot
blot analysis, we found approximately —~B-fold more RNA
hybridizable to our probe from the total RNA isolated of cells
transfected with the hPL-3 structural gene sequences, as
compared to hPL-4 (figure 4). This same result was observed
even when only the two first exons of hPL-3 were contributing
to a hybrid gene (D.R.-P. and H.A.B.-S., submitted. Therefore,
the higher observed hPL-3 protein expression, seems to be a
consequence of having more RNA derived from the hPL-3 gene.

Dissecting the putative hPL-1 pseudogene

Next we, decided to test if the donor splice site point mutation
at the second intron of the hPL-1 gene. was the only cause of
the apparent inactivity of this gene. Comparing nucleotide
sequences at the second exon/second intron border area, among
the active hPL-3 gene and the putative hPL-1 pseudogene,
revealed that we could easily exchange this region between these
two genes. We found Pvudl and Sacl sites located 30 bp upstream
and B6 bp downstream respectively. from the mutation site (figure
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Figure 3. Diversity in size and abundance of protein expression products from, hPL and recombined hPL-hGH genes. Maps in A demonstrates the structure of
the hybrid genes: their are composed of hPL-3 (solid) or hPL<4 (hatched) and hGH (open) gene portions. As in the previous figures. dealing with protein analysis.

cach lane in B corresponds to media of cells transfected with plasmids carrying the genes indicated at the top. The negative control. (—) symbol. distinguishes the
media from cells transfected with pNUT(—) (vector alone). The new bands are pointed by arrows. Size 1s also in kDa (k).

1B). In addition to the splice site point mutation, this region
flanked by Pvull and Sacl of approximately 120 bp, differs within
these two genes in only three nucleotide positions. These
differences, are located inside the intron at nucleotide positions
of little importance for the pre-mRNA processing (26). The Pwull-
Sacl region encompassing the second exon/second intren
boundary, was exchanged between the putative hPL-1 pseudogene
and the active hFFL-3 gene. This manipulation gave rise to two
new hybrid genes. We named these new recombinants as hPL-1r
and hPL-3m, for ‘repaired’ hPL-1 and ‘mutated’ hPL-3 genes,
respectively.

To determine the effect on the splice mutation expression, we
transferred these hybrid genes, once constructed, into pNUT.
Both the hybrid and non-hybrid genes (controls) were introduced
into COS-7 cultured cells. Figure 5B demonstrates the results
obtained from the analysis of in vivo labeled secreted proteins.
In lane labeled PL-3 which corresponds to media of cells
transfected with pNUThPL-3, we easily detected an hPL band.
On the other hand, cells transfected with either pPNUThPL-1 (lane:
PL-1) or pNUThPL-3m (lane: PL-3m). revealed the absence of
obvious hPL bands. Likewise, we could not observe an hPL band
from the media of cells transfected with the new repaired hPL-1
gene (figure 5B, lane: PL-1r).

A dramatic effect of the splice donor site muration at the second
intron of hPL-1 was also observed: when, we constructed and
used in comparative studies, a new hybrid gene. It consists of
hPL-3m sequences, joined at the unique Sacl site’ (within the
second intron) to the remaining portion of hGH-N gene (bottom
of figure 5A). This new hybrid was studied in conjunction (as
positive control) with the previously mentioned hybrid gene
created between hPL-3 and hGH-N.

A prominent hGH-like (similar in hGH size) protein was found
in the media of cells transtected with the non-mutant hybrid gene
[see map of GH(PL-3:LID) in figure SA. and expression resuits
in lane: GH(PL-3:1,1I) of figure 5B]. This positive control gene

’q’ s & /’b Fa P /ﬁ ¥ i b
. [, . e . - <+—nPL

Figure 4. Slot Blot analysis of hPL-3 and hPL-4 RNA expressions. Total cellulir
RNAs were obiined from three independent experiments in which COS-7 eells
were transfected with either pNUThPL-3, or pNUThPL-4. 3ug of RNAs wem
applied 1o the slots and hybridized with 2 DHFR ¢cDNA probe. To detenmie

efficiencies of transfection, the slots were cut and its radicactivity contents measuel

by liguid scintillation counting. RNAs in amounts compensating
efficiencies, were then hybridized separately with the DHFR and with niﬂ.
¢DNA probe (arrows). Extent of hybridization was also assessed hy
radioactivity in each slot

also carries the alternative splice acceptor site present inside exon
3 of the hGH-N gene (4). Splicing exons 1 and 2 to this allemative
acceptor site, results in the 15 amino acid internal deletion
characteristic of the 20 kDa form of hGH. The presence of 8
new minor band of 20 kDa together with the 22 kDa ban’l,.l
the media of cells transfected with pNUTGH(PL-3:L i)

demonstrates that the aliernative splicing mechanism also occﬂ-

in this hybrid gene.

No hPL or hGH-like proteins were obser d (last lane mf

5B) when the second member of this pair carrying the hP
mutation was used in the transfection.

Effect of the splice mutation of hPL-1 gene in lﬂ&-

production

We wanted to know whether the apparent absence of hPL j
from cells transfected with the pNUThPL-1 plasnud. W
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Figure §. Effect of the donor splice site mutation of hPL-1 gene on the production of secreted proteins. Cells transfected with the different plasmid carrying the
hybrid genes indicated at the top, were analyzed for the presence of secreted labeled proteins in their media. Hybrid genes were constructed as described in the
Material and Methods and Results sections, and for purpose of clarification, maps of key hybrid genes are shown in A. Characteristic non-chimeric and chimeric

proteins were visualized as described in Material and Methods section, gene portions in black, hPL-3 gene; stippled, hPL-1; and open, hGH. Only i

imporant recognition

sites for restriction enzymes are indicated, B=BamH1, P=Pwdl, S=Sacl and E. EcoRl. Arrows in B indicate the size in kDa (k) of the new proteins originated

fiom plasmuds transfected. (=)=media from the negative control cells.

consequence of having no RNA derived from the PL-1 gene.
We performed a Northern blot analysis (23) of the total RNA
extracted from transfected cells. We included as a positive
control, RNA isolated from human placenta and pituitary gland.
Inaddition, as another positive control, we included RNA from
cells tranfected with the plasmid carrying the hPL-3 structural
squences. The results of this analysis are presented in figure
6. Cells transfected with the plasmid carrying the hPL-1 gene
lacked hPL specific RNAs (figure 6, lane: PL-1). We observed
adramatic reduction in the hybridizable RNA content from cells
transfected with the plasmid carrying the hPL-3 mutated gene
(figure 6. lane: PL-3m); as compared with, the wild type hPL-3
gene acting as control (lane: PL-3). Finally, when using
pNUThPL-1r. we unexpectantly observed only a faint
reappearance of hPL mRNA (figure 6, lane: PL-1r).

DISCUSSION

DNA cloning and sequence studies have lead to the isolation of
(ONA clones for all hGH and hPL genes except hPL-1.
However, experiments directed to demonstrate that each of the
mRNAs corresponding to the identified cDNAs indeed end up
& proteins. have been few for hGH (7, 27) and none for hPL
genes. The reintroduction of cloned genes into cultured cells,
by DNA transfection (18), is a valuable method to identify and
dissect sequences required for gene function and their mutations,
We chose this approach to determine the coding potential of all
WPL genes. To achieve our objective, we forced the in vitre
txpression of all the hPL promoter-less genes, by joining them
b the strong heterologous transcriptional control sequences
present in pNUT (12).

P I 0
whd w

Figure 6. RNA expression effect of the donor splice site mutation of hPL-1 gene.
The figure demonstrates the results of the Northemn blot analysis (23) practiced
to total RNA (10 ug). isolated from cultured cells transfected with the indicated
(at top) plasmids. H and P represent lanes containing total RNA from human
pituitary gland (2 pg) and placenta (3.8 ug). respectively. The (=) symbol
correspond to RNA (10 xg) isolated from cells transfecied with the pNUT (vector
alone). Lane labeled C represents total RNA of mock-transfected cells.

The new results of the present study demonstrate for the first
time that the hPL-<4 and hPL-3 genes, but not hPL-1, contribute
to the production of mature hPL. Here we also demonstrate that
in spite of being highly similar, the structural sequences of these
genes respond differently to the same heterologous promoter.,
Each of these two genes give rise 1o one protein. Although the
secreted proteins expressed by these genes have identical amino
acid sequence. they differ at their expression level. As a
consequence of this finding, we designed exon exchange
experiments to gain new insights in the understanding of this
phenomenon. The same result was seen when only the two first
exons of the genes were contributing to a hybrid gene. The
observed higher hPL-3 protein expression seems in part to be
a consequence of having more RNA expression from the hPL-3
gene sequences. This in vitro findings do not resemble what
oceurs in vivo, while the hPL-4 mRNA (HCS-A) accounts for
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3% of the placema mRNA, the hPL-3 (HCS-B) mRNA has been
estimated 0 represent ondy 0.5% of it (28).

Finally, a third contribution of gur study is the experimental
demonsuation, alsa for the first time, of the effect of the donor
splice mutation at the second intron of hPL-1 on its expression.
In spite of having replaced the donor splice site mutation at the
second intron of the hPL-1 pseudogene by normal sequences,
we could not abserve an hPL-1 protein secreted mto the cell
medium. Thus, there must exist additional mutations that
coatribute to this lack of genetic expression. There is no doubt
of the severity of this splicing mutation. indeed we prove here
that by introducing the murated area of hPL-1, into either the
hPL-3 or the hGH-N gene, protein production from these hybrid
genes is severely reduced. Further evidence for the severe effect
of this type of mutation comes from both, site-cirected
mutagenesis studies (26) and by naturzlly occucring mutants of
O-globin genes. In both cases, mutated genes having the same
change of 1 G for an A at the beginning of an exon, give rise
to a messenger RNA precursor unable to splice correctly.

We recently found that we can quantify hPL-hGH chimeric
proteins using an hGH radivimmunouassay. Using this technique,
non-detectable hGH radioimmunoassay values in the media from
cells ranstected with pNUTGH(PL-3m: L, ) were observed. The
media of cells corresponding to the centrol experiment, where
GH(PL-3:1L,II) gene was used, gave hGH RIA values of about
half of those of pNUT. Five-fold lower RIA values were found
for the expression of GH(PL~4:1,[1} as compared to GH(PL-3:1,11)
(D.R-P., and H.A.B-S, submitted).

We have no explanation for the difference in size ubserved
in the electrophoretic analysis of hGH and hPL proteins. The
difference was seen with both purified hormones from the
pituitary gland and placenta, and with the proteins produced in
the penc transfection experiments. Neither hPL-3 nor hPL-4
proeins have the N-linked glycosylation site at Asn-140,
predicted for the hGH-V protein and which might otherwise
account for this size difference. It is possible that the size change
ubserved, may simply be accounted for by differences in protein-
SDS interactions.

In conclusion, our analysis of the in wro expression products
of hPL genes demonstrates that hPL-3 and hPL-4 have the
potential for conttibuting to mature hPL. It also provides evidence
indicating that the hPL-1 gene has accumulated severs
mutation(s), other than the donor splice site deflect at its second
intron. Furthermore, through our study, we have identified the
gene region between the capping site aud the second intron as
the arigin of ditterences in expression levels seen here tor hPL-3
and hPL-4. The resulis obtained with the hPL-hGH genes hybrids
curroborate and sirengthen our findings.
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ABBREVIATIONS

bGH. bovine growth hormone: bp. base pairs; CAT.
chloramphenicol aceiyl transferase; FCS, fetal calf serum: hCh.
human chorionic somatomammatropin: hGH, human growth
hormone: hPL., human placental lactogen: hiPrl, human profacas.
kbp. 1000 base pairs; kDu. 1000 daltons: Pre-hPL, bbb
precursor: §V40. simian virus 40: SDS, sodium dodecyl sulphite.
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The placenta is an important source of a diverse group of
hormones, cytokines and growth factors necessary for continuation
of pregnancy. Due to its continued growth and differaentiation
during gestation, the placenta represents a unigque organ for the
study of hormonal genes during development. The producticon of one
haormone in particular, placenta lactogen (PL) also called chorionic
sommatomammoetropin (CS), reflects thé development of the placenta
as blood PL levels rise throughout pregnancy peaking at term.

Buman placental lactogen (hPL) is a member of a closely
related gene family that includes qroéth hormone (hGH} and
prolactin (hFRL). Though these genes are highly similar ard have
evolved from a common precursor they have dramatically different
physiological functions and requlatory Rechanisms. Recently,
advances have been made in understanding the regulation of hPL
production and its physiological significance. In this review we
discuss the various physiclogic actions of hPL during pregnancy,
the evolution and structure of hPL genes and, the tiésue specific

requlation of hPL gene expression.

Structure and Production of hPL Protein

Human placental lactogen (hPL), also called chorionic
somatomammotropin, is a single-~chain polypeptide hormone of 22,000
Da. It is compeosed of 191 amino acids with two intramolecular
disulfide bridges (1) but contains- na carbohydrate residues

(Fig. 1}. The mature hormone is derived from a precursor of
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25,000 pa, that has a 26 amino acid signal sequence cleaved from
its amina terminal end (2). Josimovich and MacLaren (3) first
defined human placental lactogen as a polypeptide hormone present
in extracts of human term placentae and retrpplacentzl blood, that
exhibited both potent lactogenic activity in zrodents and
immunochemical, cross-reactivity with human growth hormone.

The mature placenta is shaped like an oval disc of about
500-600 g. It develcps from the trophectoderm of the implanting
blastocyst as it 1invades the endometrium. Differentiation of the
placenta leads to the formation of villi structures composed of an
outer layer of multinucleate syncytiotrophoblast cells formed by
the fusion of underlying mononuclear cytotrophoblasts. These cells
encapsulate a central core of mesenchymal cells, macrophages, and
capillary epithelium.

hPLL. can be detected by immunoflucrescence in the
syncytiotrophaoblast five to ten days after implantation of the
fertilized ovum (4,5) or 12-17 days postfertilization. Hoeshina e
af. (6) used in suu hybridization to localize hPL mRNA exclusively to
the syncytial layer suggesting synthesis of hPL production does not
begin until formation of fully differentiated syncytictrophoblast.
Furthermare, in siiu hybridization studies showed that the
concentration of hPL mRNA in individual synecytictrophoblast cells
remains constant throughout pregnancy (6) suggesting the increase
in the total amount of hPL mRNA in the placenta between first and

third-trimester results from an increase in the number cof
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syncytiotrophoblasts in the placenta. This is in agreement with
data showing the proportion of syncytial cells in the trophoblast
(6-8), and the mass of the trophoblasts increase during pregnancy
(8). Therefore, the increas€ in hPL synthesis by the placenta
during pregnancy is at least partly due to amn increase in the
number of hPL-producing syncytiotrophcblasts.

By the third week post-conception, hPL can be detected by
radicimmunassay in the maternal circulation. Peripheral serum
lefels of hPL then rise throughout pregnancy (9). During the third
trimester hPL preduction can redach 1-3 grams per day (10),
acccu;ting for 10% of placental protein prdduction and 5% of total
RNA in the placenta (11, 12). At these levels hPL is the most
abundant peptide hormoe produced in primataes. The concentration
of hPL in the maternal blood at term ranges between 5§ and 15 ug/ml
(8, 13, 14). hPL is present in the fetal blood but its
concentraticen at term is 300-1000-fold lower than that of the
maternal blood (13, 15, 16-18). The half-life of hPL in the
m;).ﬁé:l;gal serum is 10-30 minutes (10, 13, 15, 19, 20) which accounts

i |
for its rapid disappearance from maternal serum after delivery.

Physiological Significance of hPL
Although much is known of the structure of hpPL, the levels of

hormone present throughout pregnancy, and the tissues where hPL s
found, the role of placental lactogen in regard to fetal growth and
metabolism was until lately pocorly understood (Fig. 2). Because

hPL is structurally very similar to human growth hormone (hGH]),
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several studies were undertaken to determine if hPL acted as a
growth hormone for the fetus. FEarlier bivassays using postnatal
tissues and lower primate species showed hPL to have 1% of the
growth promoting activity of hGH (21). More recent studies
however, demonstrate that hPL has a direct somatotropic and
metabolic effect in isclated human fetal tissues. Although the
release of hPL is heavily biased towards the maternal circulation,
the concentration of hPL in the plasma from human fetuses at 12-20
weeks gestation fanges from 4-500 ng/ml (22) and values of 20-20Q
ng/ml have been found in the cord bleod of the newborn infant (23),
suggesting a possible anabolic role in‘the fetus. Hil1l and
colleaques in a series of publications were the first to wmake an
in depth investigation into the action; of hPL upon fetal growth.
They found that hPL, but naot hGH, stimulates amino acid transport,
[SH]—tnymidine incorporation, mitogenesis, as well as somatomedin-C
(SM—-C) and insulin like growth factor I (IGF-I) release in cultured
fibroblasts and myoblasts from human fetuses at 13-19 weeks
gestation (24, 2%). In iavitro studies, hPL was found to bind to
fetal tissues at hPL concentrations comparable to those found in
fetal plasma, and direct aﬁabolic effects of hPL have beén found
at concentrations similar to those required for binding to fetal
nenmbranes (25). Additiconal evidence suggests distinct hPL
receptors are found in human fetal skeletal muscle, whereas there
was a deficiency of fetal muscle hGH receptors (22). Evidence was

also obtained suggesting unique hPL and hGH receptors are present
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in fetal liver. hPL and hGH both stimulated growth of fetal
hepatocytes and SM~-C/IGF-I release from fetal liver. It is thought
that hPL stimulates DNA synthesis in fetal connective tissue and
liver indirectly through the paracrine release of the growth
potentiators SM-C/IGF-I (22, 24, 25). The relationship, if any,
among the hPL concentration in the fetus, the number cf fetal hPL
receptors and the rate of fetal growth has not been establishég.'
However, there is evidence to suggest that the weight of the féius
" in early and middle gestation correlates poasitively with the hPL-
binding capacity Of the fetal liver and to a lesser extent with the
fetal plasma hPL concentration (22).

Aside from its possible function as a direct acting, growth
promoting hormone, substantial evidence suggests hPL influences
fetal growth in an indirect manner by altering maternal metabolism.
The major role of hPL in hurman pregnancy is believed to be mediated
by its action as an insulin antagonist (4, 2Z6). Carbohydrate
tolerance was reduced in diabetics by hPL treatment (27, 28) It is
believed that this ,'qctéon of hPL may be responsible for the
development of diabetic ketoacidosis in pregnaqt women, hPL has
aléa been shown to incrgase the insulipn response to a glucosa loéd,
(19, 20, 27), periraps as a result of an increase in dinsulin
resistance (29).

The effect of hPL which has been most studied is its role in
requlating 1lipolysis. Some evidence suggests that hPL is
indirectly lipolytic (20, 30). Adipose tissue explants and

adipocytes, stimulated by hPL, release glycerol and/or
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naonesterified fatty acids (31). hPI, also stimulates glucose
uptake, glucose oxidation to €O, and glucose incorporaticn into
glycogen, glycerol, and fatty acids in adipocytes (32, 33). This
suggests a wodel for hPL action on adipose tissue that includes
hPL-mediated increases in the basal rate of lipolysis as well as
increases in glucose uptake and utilization. These actions could
be physiologically significant since in the fasted state the
increase in the rate of lipolysis provides free fatty acids that
can be utilized as a -s.-;mrc'e of energy by the mother. This spares
the required glucose for use by the fetus. In the fed state, when
maternal blood g-lucdse concentration is high, the increase in
glucose uptake and utilization by adipose tissue ensures that
energy stores, in the form of triglyceride, will be available
during suhsequent periods of fasting (34). There is support for
this theory as a study of women fasting for 84-90 hours during the
second trimester of pregnancy reported a 30-40% increase in hPL
praoduction (35). In a similar study, fasting in pregnant women
caused a much greater mobilization of free fatty acids, in the form
of ketoacids, than in non-pregnant controls (36). The ability to
produce PL may, therefore, be a selective advantage to faoraging
animals where there is the possibility of starvation, because PL
causes more efficient use of energy stores and higher prcobability
of offspring survival.

Flacental lactogen received its name due to its lactogenic

activity invivo when administered to rabbits and pigeons (3). There



8
ig, however, no evidence for lactogenic activity of hPL in humans
in vive, although there is evidence of the presence of mamnotropic
activity during pregnancy. hPL has been reported to stimulate DNA
synthesis in epithelial cells of benign human breast tumors in vitro
(37) and in human kbreast tumors maintained in athymic mice (38).
It has alsao been reported to stimulate growth of ductal epithelium
in human mammary explants obtaiqed during lactation (39). Thus, the
role of hPL 1in human mammary gland may be to stimulate cell

preliferation, rather than milk secretion.

Evolution of The hPL /hGH Gene Cluster

On the basis of amino acid sequence homolocgy among hGH, hPL,
and human prolactin (hPRL), it was proposed that the hormones
evolved from a common precursor (40). Whereas hGH and hPL share
identical amino acids at 167 of 191 pasitions for an 87% amino acid
homolagy, hGH and hPL are only about 35% homologaous to hPRL at the
anino acid levei (41, 42). At the nuclectide level hGH and hPL are
ﬁdéiq‘ve:y cimilar as wmRNAs from these genes are 93.5% hémologous.
Thé JPRL mRNA has 42 and 41% identity with those of hGH and hPL,
respectively (43). It' is thought that GH/PL and PRL diverged
approximately 350 million vears ago (44, 45) when a primordial gene
was duplicated giving rise to two separate precursors, one for the
hGH and hPL genes and the other for the hPRL gene. The hGH/hPL and

hPRL precursor genes then segregated onto two different chromo-

somes, since the hPRL gene is located on chromosome 6 {45} and the
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hPL and hGH genes are found on chromoscme 17 (47). Further
evidence for the evolutionary relatedness of the hPL and hGH is
that all the hPL and hGH genes are structually similar having 5
exons and 4 introns (12, 48, 49) and comparison of nucleotide
sequences between any of the genes shows they share 91-99% sequehce
identity throughout, including S00 bp upstream of the genes (43,
44, 49, 50)., It is believed that PL arose after the divergence of
rodents and primates 80 million vears ago (51). Evidence for this
theory comes from DNA sequence. data suggesting that rat PL (xPL)
is derived from rPRL, as rPL is more homologous with rPRL and hPRL
(52% and 51%) than rGH, hGH, or hPL (34# for all genes) (52).
Therefore, duplication of the hGH/hPL gene to give rise to the hPL
gene must have occurred after the separation of the main orders of
mammals, during the evolution of primates (53). It is thought that
the genes of the hPL/hGH gene cluster arose from thelr common
precursor within the last 10-15 million years due to recowbinaticn
events involving moderately repeated sequences (44, 54). Of the
66 kb in the hPL/hGH gene cluster, 21% of the sequence consists of
48 Alu répeat sequences (54). The abundance of highly homologous
ﬁNA SEqﬁences may predispose this locus to chromosomal wmisalign~
ment, generating unequal recombination events (54). It was
proposed that the hPL/hGH locus evolved in three steps (Fig. 3)
involving large secquence duplications which preferentially begin
and end with A/u elements (43, 54). The first event is thought to

have been a duplication of a single GH/PL gene to a two-gene locus
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composed of ancestral GH and PL genes. An additional duplicatian
of this two-gene locus generated a four-gene arrangement cf the
ancestral hGH-N, hPL,/hPL;, hGH-V and hPL; genes. 1In the final
step, the ancestral hPL,/hPL, gene duplicated about 5 million years
ago to genérate the modern hPL, and hPL, genes.

Becaﬁse the hPL, -and hPL, genes were the last to be generated
they should be the most homologous genes of the cluster. This is
‘ﬁot the case as hPL, and hFL, are more closely related in terms of
. seguence homology (2.7% divergence) than the hPL, and hPL; genes
(6.7% divergence) (43). However, downstream from the fourth intron
the hPL, gene becomes more sdimilar to the h'P‘L,. gene. This supports
the hypothesis that hPL, arose from duplication of the hPL, gene but
that a recent gene conversion event with a breakpoint in the fourth

intron caused the hPL, gene to be more similar to the hPL; gene.
hPL; (also referred to as hCS-B or hC5-2) and hPL, (a.ls?
refered to as hCS-A or hCS—-1} share 98% sequence identity and
encode identical mature proteins, but have one amino acid
difference in the signal peptide. hPL, contains ;ﬁ alanine at the
fhird position from the amino terminus of the precurser peptide,
whefeas hPL, has a proline at this position (2). The otﬁer hpry,
gene, hPL, (alsc referred to as hCS-L or hCS-5), was found to ke a
pseudogene, as no mature mRNA is produced from this gene due to a
G to A transversion in the §' splice site of the second intron (43,
54) ., In ceontrast, both hGH genes produce viable proteins.
Alternative splicing of the primary hGH-N (also denoted hGH,) gene

transcript ({48) generates two mRNA species that encode the major
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active 22 kDa hGH protein as well as a 20 kDa variant which has 15
amino acids deleted from hGH (55, 56). The hGH-V {alsa called
hGH,) gene encodes a processed polypeptide differing at 13 amino
acids from hGH-N. As the amino acid differences are mostly non-
conservative they are thought to result in changes in the

properties of the protein (1l).

Gene Delerions in the Locus

The hGH/hPL gene cluster was examined in two cases in which
hPL was reduced or absent in maternal serum durinhg pregnancy. In
the case of a partial deficiency of placental lactogen (57), hPL,
was deleted in the maternal allele while the paternal allele lacked
the hpPL,, hGH,, and hPL, genes. The level af hPL in the maternal
serum was one-fourth ©f the normal value, suggesting a direct
relationship ketween gene dosage and hPL concentration in the
maternal serun. Expression from the residual hPL; gene did not
appear to compensate for loss of the other hPL genes. A direct
relationship between lower hPL protein levels and decreased hPL
mRNA levels was demgnstrated in another case of partial hPL
deficiency (58). <Complete deficiency of hPL is a rare condition,
Only three cases have been reported where using radioimﬁunoassay,
no hPL could be detected during pregnancy (59-61). In the case
that has been investigated in detail, a homozygous deletion of the
hPL,, hGH,, and hPL, genes was found in the affected child while
other family members were hetergzygous Lfor the deletion (82). The

hPL, gene was present in the affected child but its expression was
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not assayed. A novel hGH-hPL hybrid protein was detected that
might have been able to compensate- far the absence of hPL (63).
It is not known whether this peptide is biologically active or if
it is present in other cases where there is no deletion of hPL
genes. However, it 1s conceivable that the chimeric hPFL/hGH
peptide could assume hPL-like' roles in the wmothexr and fetus,
sustaining normal growth ._'_al"ld. development during pregnancies
complicated by a defic:‘:«enc;f* §f hPL production (25) Therefore at
this time, the absolute necessity of a protein having hPL activity

during pregnancy is still unknown.

Tissue Specific Expression of hPL and hGH Genes

Though the two genes evolved from a common ancestor and are
closely linked, the hGH and hPL genes are expressed predominantly
in two separate tissues. Growth hormone 1is secreted by
somatotrophs of the anterior pitu.i.tary, whereas placental lactogen
i"s"sﬁ:c::duced by syncytioctrophoblasts in the placenta (2,6,64). In
an ;f%crt ‘to determine the level.s of MmRNA production of +the
individual-genes in the c<luster, -Ché; et.::':;l. (54) estimated the
extent to which each gene is transcribed by the percentag;a af
reconbinant bacteriophage found in pituitary and placental cDNA
libraries that hybridize to probes corresponding to each gene. 1In
this study it was found that hGH-N accounts for 3% of the mRNA
produced in the pituitary, whereas hGH-V is not expressed in the

o
pituitary, but comprises <0.001% of mRNA in the placenta. This
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hGH-V placental expression may be explained by novel recombination
events during evolution cof the gene cluster that placed putative
hPL transcriptional controcl regions 5' to the hGH-V gene (54).
hPL, was found to be the most abundantly expressed hPL gene by a
6:1 ratio accounting for 3% of placental mRNA with hPL, comprising
an additicnal 0.5% of the mRNA. Studies by Barrera-Saldafa e al.
{2) determined placental levels of hPL; and hPL, more directly.
Though highly homologous, hPL, and hPL, could be differentiated b§
an additional PwII restriction site present in hPL, and a 4 bp
insertion within the hPL, gene. These differences were exploited-
in restriction enzymé digests of placentai CDNA clones as well as
primer extension and S1 nuclease digestion of hPL cDNA-placenthl
paly(A+} RNA hybrids. All three methods showed the ratic of hPL,
to hPL; mRNA was 3:2. As these experiments reflected RNA legvels
from a single term placenta, hPL RNA from a further ten placentae
were subjected to S1 nuclease analysis with the determination that
there was wide variability in the ratio of hPL,:hPL; mRNA (S.L.F.
and G.F.S., unpublished data).

Regulation of hPL,; and hPL, expression could be explained by
sequences in the promoter that regulate transcriptional initiation
or differences in the transcribed sequence that could contribute
to mRNA stability. The latter theory was tested by placing each
structural gene under the control of the SV40 enhancer and
metallothionein promoter and transfecting C0S-7 cells. Slightly

more protein was produced from the hPL; gene construct than the
o
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hPL, constuct (65). To determine the cause of such heterogeneity,
the first two exons of the hPL and hGH genes were exchanged. Five-
fold chimeric protein and eight-fold less mRNA was present when the
first two exons of the hPL, were present than when the first two
exons were derived from hPL, (Fig. 4). Protein levels resulting
from the first two exons of hGH and the last three exons of hPI,
were comparable to intact hGH, suggesting that cniy the first two
exons ;':ontribute to differential expression. The greétér stabilty
of hPL, versus hPL, mRNA counters the greater expression ‘hPL‘ mRNA
invive and therefore may contribute to the variable levels of l‘IPL3
and hPL, mRNA in placentde. ‘

The hPL, transcript was not detected in the original cbDNA
cloning (2) and lack of expression was attributed to a mutant RNA
splicing site (43). Surprisingly, the hPL, transcript was detected
by Chen eral. {54) in a placental cDNA library at an abundance of
0.01% using oligonucleotides specific for hPL,, however, nine of
ten cDNA clones analyzed were derived from incompletely processed
hnRNAs and the other clone was found to have used an alternative
splice site to overcome the mutation in the second intron splice
donaor site. Therefore, it is still uncertain whether hPL, can’
produce a viable protein in vivo. In order to determine if the
aberrant splice site was wholely responsible for the lack of hPL,
expression, a region of the hPL, cDNA encoding the second
exon/intren boundary was exchanged with the functional equivalent

regiaon aof I&PLS (65) . No protein or mRNA was produced from the
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mutated hPI, gene or the "repaired* hPL, gene. The lack of
function of the "“repaired" hPL, gene is not yet understood but
suggests other nuclectide differences must contribute to the lack

of hPL, expression.

Regw&iau of hPL and hGH Gene Expression

The similarity of the hPL and hGH genes at the nucleotide
level is striking as the hGH-N, hPL;, and hPL, genes’ have 92.5%
sequence identity through their exons, with the 464 bp S5' to the
initiation site having 93.8% homology (50); The highly homologous
natanre of the hPL and hGH genes and 5! flanking regions suggest
that very precise mechanisms regulate their tissue specific
expression.

Understanding the regulation of hPL gene transcription has
been facilitated by studies of hGH-N gene regulation. The hGH-N
gene has been well characterized in terms of DNA sequences and
transcription factors that regulate expressicn. It is known that
5"f1ankin§ sequences within 289 bp of the cap site mediate hGH
tissue speéific expreséion and that binding of the pituitary
sﬁecific factor éHF-l iﬁ this region permits transcription of hGH
in the pituitary (66-68). GHF-1 is a 33 KD polypeptide (69) known
to ke closely related or identical to the Pit-1 protein that binds‘
and requlates the rat growth hormone and prolactin gene promcoters
(70). Analysis of cDNA clones encoding GHF-1 indicates that it is
a homeobox containing protein. GHF-1 binds the hGH promoter at twa

g
sites: -55 bp to -90 bp and -106 bp to -131 bp (68-71). in
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addition to GHF~1, other general transcription factors bind to the
hGH promoter (71). The Spl transcription factor binds nucleotides
-131 to -140 adjacent to the distal GHF-1 binding site. Further
upstream the USF/MLIF protein binds the region -237 bp to -267 bp,
adjacent to the binding site of an unknown protein at =267 bkp to
=290 bp. Comparison of DNase I footprints showed the pattern of
protein binding for hGH-N and hPL, promoters is nearly identical
(72).‘ Furthér studieé}show the pituitary specific factor GHF-1 is
able to bind to the*hﬁﬁtéromater (71) ; however, this may not be
significant as na "GHF-1 is believed to be present in the placenta
(67). '

Thyroid hormone can also bind to a regicon of the hPL promoter
in a DNA~binding assay (73). When introduced into a rat pituitary
cell line, thyroid hormone and dexamethasone could increase
expression of a transient reporter gene containing 500 bp of the
hPL promoter (74). Therefore the hPL promoter may be regulated by
dexamethasone and thyreid hormone. The physiological significance
gf?fhfse.studies is unclear since pituitary and not placental

extracts or cell lines were used.

DNA Sequences in the hPL ; gene promater necessary for transeriptinal activity.

The initiation sites of hPL, and hPL, gene transcription have
been studied by two groups (50, 75). Both studies found 82-95% of
transcripts initiate 30 nucleotides (nt) downstream from a TATA
segquence (and &3 nt upstream from the AUG and start of

e .. e ea s . .
translation). An additional initiation region 23 nt upstream of
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the TATA sequence and 30 nt downstream from a CATAAA sequence was
found to be responsible for 5-8% of hPL transcripts.
Interestingly, the hPL, gene promoter was shown to be furictional
and acted similarity to hPLy and hPL, promoters in a cell-free
transcription system (75).

More recent work has concentrated on the promoter and an
enhancer of the hPL; gene (Fig. S). Deletion mutants uf the hPL,
promoter were analyzed for ‘transc;;ptional activity following
trar:sient transfection of a pdacental cell line (76}. Vari!cus
regions of the hPL, promoter extending from -1200 to -77 bp were
inserted in a plasmid vector adjacent to the bacterial gene for
chloramphenicol acetyl transferase (CAT). The vector also
contained the hPL; enhancer (discussed below) to increase the level
of transcription. The plasmids were transfected into JEG-3 cells,
a hPL-preoducing placental choriocarcinoma cell line (77), with the
resulting CAT activity reflecting the transcriptional activity of
the hPL, promoter. These studies (Fig. €) indicgtad sequences
between -142 bp and -129 bp were important for hl:-'L.3 promoter
activity since removal of this region reduced CAT activity 8-fold.
internal deietions of thig region (AR, SA, Fig. 6} confirm those
seenn using 5' deletions. Similar results (S.L.F. and G.F.S.,
unpublished data) were seen using JAR cells, another human
placental trophablast cell line (78). No other region in the
promoter (within 1 kb S' of the hPI, g¢gene) was found to be
impertant for induction of transcripticnal activity in placentally

ird
derived cells.
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The hPL; promoter regulatory sequence (=142 bp to =129 bp)
does not appear to regulate tissue-specific expression based on
functional and binding studies. In the presence of the hPL,
enhancer, the hPL, promoter (-500/+2 bp) was able to activate CAT
transcription in JEG-3 cells but not in HepG2 cellg, 2 human liver
cell line. However, paired with the 5V40 enhancer, the hPL,
promoter directed gene expression in a non-tissue specific manner
as transfected JEG-3 and HepG2 cells produced similar levels of CAT
activityt In tpese studies transcription in JEG-3 and HepG2 cells
not only required the appropriate enhancer but alse the hPL;
promoter regulatory region (-142 bp to ~129 bp). Without this
sequence, only background levels of CAT activity were observed.
This suggested that the hPL; enhancer was responsible for tissue-
specific gene expression whereas the hPL, promoter regulatory
sequence (-142 bp to ~-129 bp) was required fer basal expression.
While upstream sequences within 1200 bp of the hPL; gene did not
direct transcription in a tissue-specific manner, there may be
additional tissue-specific ' sequences further upstyeam. All
pladéhtgliy expressed members of the hfL/hGH gene family conéain
al kb‘region of'high homology iocated_Z-J kb S5 to.the‘%&a?ﬁ}%ﬁ
transcription (54) but the functional significance of this‘region
renains to be determined.
The hPL,; promoter regulatory sequence (-142 bp to -129 bp)
binds specifically nuclear proteins from JEG-3, HepGz2, and Hela
cells as shown by gel shift assay (76), again suggesting that this

0
sequence 1s important for basal gene activity but does not play a
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role in tissue-specific gene expression. This region of the
premoter contains the sequence GGGAGG, which is a variant of the
binding site GGGCGG for the ubiguitous transcription factor Spl
(79). This variant Spl binding sequence, which binds Spl, is also
present in promoters of other genes including HIV LTR (80-82) rat
insulin-like growth factor II (83), and human hsp 70 (84). Gel
shift assays demonstrated that the addition of DNA containing the
Spl binding site specifically competes for proteins binding the
tHe hPIy promoter raqy}atcry sequence. Further competition studies
employing a variant Spl site GGGGG, Gﬁich is not recognized by Spl '
(85), showed that this oligomer did not compete for JEG-3 proteins
binding to the hPL, promoter regulatory region. The hinding
specificity of the proteins interacting with the hPL, promoter
regulatory region was further characterized by determining
nucleotides of the hPL promoter regulatory sequence interacting
with DNA-binding proteins using a methylation interference assay.
The methylation interference pattern of placental nuclear proteins
binding to the hPL, regulatory sequence was identical tq that shown
previcusly for Spl kinding to its binding Qites. These results
suggest that the‘hPLS'requlétory region binds Spl or an Spl-like
protein which is necessary for basal transcriptional activity.

Spl regulates transcriptien of many different kinds of genes
{(79). However it does not directly interact with RNA polymerase
(86" or the transcription factor TFIID, which binds the TATA
sequence (87, 88), suggesting that Spl requires accessory factor(s)

>
or coactivators to activate transcription (88). GOne such factor
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could include the protein(s) binding the tissue specific hPL,

enhancer.

An Enhancer 3' of the hPL 3 Gene Stimulates Tissue-Specific Transcription.

In order to explain the tissue specific expression of the hPL,
genes Rogers eral. (89, 90) conducted a search of the entire hPL/hGH
gene cluster for the presence of transcriptional enhancers. A
series of EcoR1 fragments covering nearly the entire 66 kb gene
cluster including the five genes and their flanking regions were
tested for enhancer activity. ©Only one £coR1 fragment, was found
to have enhancer activity in JEG-3 cells. This 3.9 kb fragment was
located 3' to the hPL, gene at the distal end of the hPL/hGH gene
cluster (Fig. 7). This fragment fulfilled all the required
definitions of an enhancer as it was active either 5' or 3' of a
gene and in either orientation and was able to activate a
heterclogous promoter.

Further analysis of the hPL enhancer localized enhancer
dbﬁjyity tc a 1 kb dcel - Sacl restriction fragment located 2 kb 3!
of thé hPL, gene. The 1 kb enhancer was shown to have great tissue
preference in its action as the enhancer was 20-fold more active
in human trophoblast JEG-3 cells than the rat pituitary cell line
18~54-SF (89). Therefore, the hPL enhancer is likely to be the
element respensible for the tissue specific-expression of the hPL;

gene.
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Further transient transfection experiments employing JEG-3 and

JAR cell lines allowed localization of the hPL enhancer to a 138 bp
region lacated between nucleotides 103-241 of the 1 kb AccI = Sacl
restriction fragment (Fig 8) (91). The 138 bp hPL enhancex when
linked 3' to the CAT dgene increased CAT expression 25 to 30-fold
over that due to the SV40 promoter alone. The 138 bp region also
contained all information necessary to impart tissue-specific gene
expression as plasmid constructs containing this region are 20 to
40-fold more active in JEG-3 cells than nan-hPL producing human
HepG2 liver, U-373 MG glicblastoma and, Hela epithelial cell lines.
Additiconal studies support the idea that the hPFL enhancer may be
the major determinant of tissue-specific expression of the hPIL,
gene. As stated previously, Fitzpatrick eral. (76) have shown that
hPL; promoter fragments extending to -496 bp upstream of the gene
had similar activities in JEG-3 and HepG2 cells. Therefore, the
hPL enhancer is the major positive tissue specific regulator of

hPL; gene transcription.

Enkancer-Nuclear Protein Interactions

A 210 bp fragment (1-210) containing all the information
necessary for tissue-specific enhancer function was found to
specfically interact with nuclear proteins from placenta tissue,
JEG-3 and JAR cells. Band retardation assays showed that up teo
three specific protein-enhancer complexes are formed with proteip

-~

extracts from placental lactogen-producing cells. These complexes
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are identical for all the extracts from hPL-preoducing cells.
However, protein-DNA complexes of different electrophoretic
mobilities and affinities were formed following the incubation of
Hela and HepG2 nuclear proteins with the 1 - 210 bp enhancer
fragment.

DNase I protection experiments showed that proteins from both
placental and Hela cell nuclear extracts protect a 22- bp region
(115 - 137) of the hPL enhancer encompassing a TEF-1 motif
(TGGAATGTG) located at positions 126 -~ 133 (Fig. 9). The TEF-1
motif was first identified by Xiao eral. (92) in studies of the SV40
enhancer and has been shown to bind a 53 kDa prectein called TEF-1
(93). Binding of this protein te the TEF-1 motif correlates with
invive SV40 enhancer activity (92). TEF-1 protein is found in cell
types (Hela and undifferentiated and differentiated F9 embryonal
carcinoma) other than those that produce hPL. However, TEF-1 shows
some tissue specificity, as no TEF-1 activity is found in lymphoid
cell lines (92, 93). The TEF-1 protein binds cooperatively to
tandem repeats of the TEF-1 motif or to closely linked Sphl
(AAGCATGCA) or SphlI (AAGTATGCA) motifs. Wwhen present in tandem
repeats or when associated with Sph motifs, TEF-1 is a strong
transcriptional activator.

The region of DNase I protection (115-137) seen over the TEF-1
motif using the hPL enhancer is similar to that reported in studies
of the TEF-1 motif in the SV40 enhancer (93). Though these two

enhancers have no .sequence similarity except for the nine
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nucleotide TEF-1 site, a 2Z-nucleotide region of the hPL enhancer
encompassing the TEF-1 motif is protected by placental and Hela
extracts, whereas a 2l-nucleotide region of the SV40 enhancer is
protected by HeLa nuclear extracts. This suggests a protein
similar to TEF-1 binds the hPL enhancer. However, band retardation
experiments using the hPL enhancer showed that proteins from Hela
and placental extracts have different affinities for the 1-210 bp
enhancer fragment and the protein-DNA complexes formed due to these
proteins have dissimilar mobilities in polyacrylamide gels (91).
Also, placental and Hela nuclear proteins cause different patterns
of DNase I hypersensitivity, suggesting their binding alters DNA
confermation in different ways. This difference in binding
characteristics of placental and Hela enhancer binding proteins may
reflect different protein modifications, a family of TEF=-1 like
proteins with individual members expressed in specific tissues, or
different requlatory proteins that bind to similar DNA recognition

sites.

Regions 3" of the hPL; and hPL 4 Genes are Homologous to the hPL ; Gene Enhancer

Inspection of the hPL/hGH gene cluster DNA sequence revealed
the presence of two other putative enhancers located 3' to the hPL,
and hPL, genes (91). The- enhancers are located in the sare
relative location as the hPL,; enhancer, approximately 2.2 kb 3' te
their respective genes. These regions are 95% homologous with the
1022 bp hPL, enhancer and the region shown to intez;act with‘

placental nuclear protein(s) by DNase I footprinting is exactly
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dupiicated in both the hPL, and hPL, flanking regions (Fig. 10).
No homology tc the hPL, enhancer was detected anywhere else in the
66 kb hPL/hGH gene cluster including hGH-N or hGH-V flanking
regions.

An explanation for the limitation of enhancers to the 3!
flanking regions of the hPL genes has been proposed (42). It is
postulated that the 3' breakpoint of the original duplication event
leading to the precurscor hPL and hGH Qenés occurred within an Alu
repeat about 100 bp downstream from the hPL-hGH ancestral gene.
It is thought that the duplication event most likely involved a
homologous, unequal crossover between this ./u repeat and another
found 8 kb upstream of the hGH, gene (see Figure 3). The major
significance of the initial duplication event is that it would
cause the 3' regions close to the hPL and hGH genes to be
unrelated. This would account for the presence of a placenta-
specific regulatory element 3' of hPL but not hGH genes. Also the
presence of an enhancer 3' of the hPL, gene would explain why hPL,
ﬁRﬁAigas found to be at least as abundant or .more abundant than
hPL, I;RNA (2, 54) while la_xck of enhancer homology near hGH genes

correlates with low placental hGH expression.
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FIGURE LEGEKDS

Fig. 1. The primary amino acid structure of human placental
lactogen. The two disulfide bridges are marked by heavy shading.

Reproduced with permission from Li, 1972 (1).

Fig. 2. PpPhysiological role of human placental lactogen during
pregnancy. The current model of the functional role of hPL in
maternal metabolism is, by its lipolytic and insulin antagonist
activity, to increase preferentially glucose availability for the
fetus. (=) = inhibitory effect. Reproduced with permission from

Yen, 1989 (94).

Fig. 3. Schematic diagram of the evolution of the hGH/hPL gene
family redrawn with permission from Hirt eral., 1987 (43). Gene
sequences are indicated by stippled boxes, A/v sequences noted by
solid boxes and partial ffu sequences noted by open boxes. The
latter indjicate differences petween the 3!' ends aof ‘Eh:a hPL and hGH
genes. The present day gene ‘family is believed to have originated
from a single anc‘eatral gene by three duplication and nonreciprocal

crassaver events { (X) }.

Fig. 4. Diversity im size and abundance of protein expression
products from hPL and recombined hPL/hGH genes. Reproduced with

permission from Reséndez-Pérez, 1990 (€5). A. Map of the hybrid
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genes which are composed of hPL-3 (solid) or hPL-4 (hatched) and
hGH (open) gene porticns. B. Proteins produced from COS-7 cells
transfected with hPL/hGH hybrid genes. As a negative control lane
(-}, CO5-7 cells were transfected with a vector lacking hPL and hGH
gene sequences. Intact hGH genes produce 20 KD and 22 kD proteins
while the hPL protein is 25 kD. €. Slot Blot analysis of hPL-3
and hPL-4 RNA expressicn. Total cellular RNA was obtained from
COS-7 tells £ransfected with a vector containing either the hPL-3
or ﬁﬁL—4rgenes. RNA was applied to each slot of a slot blot
apparatus and the filter hybridized to an hPL cDNA proke and a DHFR

¢DHA probe.

Fig. S. Restriction map of the hPL, gene and flanking region.
Promoter deletion mutants were constructed from the 500~bp EcRl
(-497 bp)/BamHI (+2 bp) sequence. An enhancer is located 2.2 kb
3' to the gene within the AdccI-Sacl restriction fragment. Open
boxes, Human PL, exons. Restriction enzyme cleavage site
abbreviations are as follows: AI, Aval: AII, Avall; Ac, Accl: Au,
Alul: B, BamHI: D,-"DdeI; E, EcoRI; H, HinfI; P, Pwil; Ps, Pstl; S,
Sacl; Sa, Sau3h; St, SwI; X, Xbal. Reproduced with permission from

Fitzpatrick, 1990 (76).

Fig. 6. Transient expression of hPL; CAT deletion mutants in JEG-
3 cells. (A} Deletion mutants of the hPl; promoter with varying

amounts of 5' sequence (relative to the shart of transcription)



27
were ligated 5' to a promoterless bacterial gene CAT. Three
internal deletion mutants, -232 AR EA—129/—‘?7), -232 MR (a-142/-
77), =390 SA (4-152/~-129), were also constructed. Horizontal bars
indicate DNA sequences included in each construct. The hPL,—CAT
DNA was cotransfected with a reporter plasmid containing the g-gal
gene into JEG-3 cells, a human placental choriocarcinoma cell line.
CAT activity was expressed relative to fg-gal activity as the
mean + SD. {B) JEG-2 -é,ells ware transfected with plasmids
containing the hPL, p‘romoter mutants described in A, and the CAT
activity_- is shown by the autoradiograph. AR, MR, and SA refer to
internal deletion mu‘tants (A) . Positive (pSV2CAT} and negative
(PCATIM; mock) controls were included. Reproduced with permission

from Fitzpatrick, 1990 (76).

Fig. 7. Restriction map of the human placental lactogen and growth
hormone multigene cluster. The map and gene nomenclature is a
ccmpcsitga from maps previously published. The structural gene
regions ‘are indicated by the open blocks and the direction of
transcription is from left to right. Each of the vertical bars
represent an £ oRI restriction site. Reproduced with permission

from Rogers and Saunders, 1986 (90).

Fig. 8. Activity of NWPL, enhancer deletion mutants in JEG-3 cells.
JEG-3 cells were transfected with an SV40-enhancer containing

vector (pSV2CAT}, enhancerless vector (pSV1GAT), or pSV1iCAT
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constructs containing various deletion mutants of the 1022 bp AccI-
SacI hPL, enhancer. Activity of each construct is normalized to
activity of pSVZCAT = 100%. Horizontal bars refer to the region
of AccI=-Sacl fragment remaining in constructs. Reproduced with

permission from wWalker eral. 1990, (91).

Fig. 9. Interaction ketween placental nuclear proteins and DNA
sequences in the hPL; enhancer. A DNA fragment containing the hPL;
enhancer was Iincubated with a placental nuclear extract and
digested with DNAse I. The region protected from enzyme digestion

is shown by the brackets.

Fig. 10. <Comparison of hPL, and hPL, 3' flanking regions with the
hPLy enhancer. Slashes represent gaps in nuclecgtide homology.

Underlined nucleotides signify the TEF-1 motif.

]
gt
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xpression Studies of
ransfected Multigene
amilies by Homologous
'NA Mutagenesis

BSTRACT

A valuable approack for multigene
muly siudies where the expression
‘aduct of at least one gene member of
e jamily & measurable is described. In
wh cases, the effece on gene expression
* nucleotide sequence differences or
wiations occurring in other members of
€ family or at alleles can easily be deter-
ined. This is achieved by a straregy
ilied homologous DNA mutagenesis. It
wnsisis of the insertion a@f mutaied
wgions from homologous genes imto the
antext of the gene coding for the assay-
ble produci. Here we demunstrate the
rasibilicy of this approach using genme
tembers of the human growth hormone
ad human placenral lactogen (RGH-hPL)
wtltigene farily.

NTRODUCTIUON

Advances in recombinant DNA
echnology have made the task of
solating genes from higher eukaryotes
rasier, However, many of the protein-
:ncoding-type gencs exist in the mam-
nalian genuome as families with multi-
sie non-allelic copies with very similar
iequences. An approach to studying
multigene families has been to exten-
sively examine one member and then
predict the nature of its expressed
protzin and those expressed by its re-
laed members, Nevertheless, proving
that all members of the multigene fami-
Iy are expressed can be a foxmidable
task.

Several strategies have been em-
ployed to achieve this goal, For ex-
ample, o the presence of specific
mBNAs on a polysome fraction can be
demonstrated, then it may be suggested
hat twnslativn occuns and that the
genes are being expressed (7). [n other
wases, the use of mRNA complemen-
tary DNA {¢[INA) cloning in conjunc-
tion  with prokaryotic  expression
vecturs permtits the generation of anti-
bodies, These are ruised against fusion
groteins expressed by the vector alung
with the cONA coding pratein (3). The
mtitkulies then can be used W inves-

T 10 N T 010am

tigate the in vive temporal and cellular
parameters for the expression of these
genes.

In studies of gene expression, it is
ideal to be able to directly characterize
the expressed protein, However, W
yuantitatively discriminat:  from  at
least SO0 other proteins of the
eukaryatic cell, the vegtor’s expression
control signals must be strong and, pre-
ferably, should be of wide tssue spec-
ificity. There are several vectors that
fulfill these criteria and take advantage
of the use of transcriptional control sig-
nals from mammalian viruses (51,

Mutations can affect expression
levels in eukaryotic cells due to an
aberration in any one of the many steps
of the gene expression pathway: {ran-
scription, RNA processing, mRNA
stability or translation ([5). The effects
of single base mutations in the expres-
sion of structurul sequences are fre-
quently studied bul require a more
selective, analytical method of assess-
ing such changes.

Here we describe a strategy. cailed
homologous DNA mutagenesis, to ac-
curately evaluate the effect of small
mulatiuns gecurming at psewdogenes,
functional non-allelic copies or mutat-
ed alleles of multigene fumilies. It con-
sists of the intreduction of the musated
ared, with a minimal amount of flank-
ing DNA sequences. into the structural
region encoding a homologous so-
called reporter gene for which anti-
bodies or a quantitative assay are avail-
able. We used this system o examine
the influence on gene cxpression of se-
quence variations found in hPL genes.
In addition, we inserted a mutatioa oc-
curring at a putative hPL pseudogene
(1) into the context of the hGH struc-
tural gene. The convenience of using
hGH as a reporter protein (13) allowed
us to use a simple radioimmunoassay
o yuuntify die effect of thuse nucleo-
tide sequence changes.

MATERIALS AND METHQODS

Construction of Recombinant Plas-
mids and Preparation of Their DNA

Restriction and other enzymes were
obtained from commercial suppliers
(BRLU/Mife Technoiogies. Gaithers-
burg, MD, and New England BioLabs,

Beverly, MA) and used according to
the manufacturers’ instructious. The
characterization of hPL genes has al-
ready been described (1), The vector
described here was derived from pNUT
(9), a gift from Richard Paimiter, and
consisted of the larger DNA fragment
resuiting from BamH! plus EcoRI
digestion of this piasmid. This frag-
ment was isolated [(14) and ligated to
ihe DNA fragments, flanked by the
same sites, carrying the gene fragments
of interest. Ligations and transforma-
tons were carried out as previously
described (2,8}. Recombinant plasatids
were first isolated from 3-ml ovemnight
cultures and then characterized by
restriction analysis, followed by large-
scale preparation (8). pMThGHIILL
(10) was also a gift from Richard Pal-
wmiter, and pS V2gpthGH {12) was a gift
from Grady Saunders. pfCMVhGH was
constructed in our laboratory by replac-
ing the chioramphericol acetylwrans-
ferase (CAT) sequences i pCMVcat
{4) with structural hGH gene.

Cell Culture, DNA Trausfection and
Detection of Transiently Expressed
Proteins

COS-7 cells (a gift from Tien Kuo)
were adapted 1o grow in Dulbecco’s
modified Eagle’'s medium (Sigma
Chemical, 5t. Louis, MO) containing
1% fexal calf serum (FCS) (Hyclone
Laboratories, Logan, UT). They were
maintained at 37°C with 5% CO3.
Plasmid DNA (7.5 ug/60-mm-diameter
Petri dish) was wansfecied by the cal-
cium phosphate method (6). Efficiency
of transfections was narmalized by co-
wansfecting with pCMVeat and moai-
toring CAT activity (3).

Quantification of hGH and HPL-
hGH chimeric proteins was achieved
using a commercially available radio-
immungassay kit {Diagnostic Products,
Las Angeles, CA), Media from cul-
tured cells were diluted and assayed
using the protocol included with the kit
and brefly summanzed as follows: 0.1
ml of calibrators (ranging from 0-30
ng/ml, the laner concentration cor-
responding ta 60 plt/m! of the World
Health Organization standard) and
diluted samples were added to 12 x 75-
mm tubes. Anti-hGH rabbit serum (0.1
ml) was added to the mbes and the mix-
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tures were mcubated for 1 h at room
temperature. This antibody is known to
be highly specific for hGH. [t presents
cross-reactivities to hPL, thyroid
stimulating hormone (TSH), follicle
stimutated hormone (FSH), luteinizing
hormone (LH) and towards a subunit B
of human chorionic gonadotropin
(HCG) of less than 0.006%. To each
tube was added 0.1 ml of 123]-hGH and
incubation continued for another hour,
A second antibody (goat and-rabbic
scrwm) (1.0 mi) mixed with PEG in su-
line splution was added. Afier centi-
fugation, the supernatant was decanted,
and the radioactivity remaining in the
tubes was determined. Cpm values of
experimental samples were used to es-
timate hGH concentrations using the
known hGH concentrations of the cali-
brators as reference.

RESULTS AND DISCUSSION

Chaice of Expression Yector

The radioimmunoassay values of
secreted hGH from DNA transfection
experiments were compared For plas-
mid constructs pS VepthGH. pMThGH,
pCMVHhGH and pNUT. As illustrated
in Figure 1, in plasmid pSVgpthGH,
the hGH structural gene is under the

Table 1, Transient Expression” of Human
Growth Hormone Secreted Lnto the Media
of Transfected COS-7T Cells

Gene hGH Production®
Naone 03 & 073
hGH-N 856.03 £ 126.32
GH(PL-3:1,If) 408.68+ §9.79
GH(PL-3m:IIl] 028% 068
GH{PL-&:1.LI) 8284+ 30

2 Ptasmids transiected consisted of
the pNUT vector described in
Materials and Methods, carrying
as insert the gene indicated.

® Valugs, average and standard
deviations, are in ng of hGH/cul-
ture dish, obtained by radicim-
muncassay. Each represants data
trom three independent cotranstec-
tion experiments using a drtforant
set of plasmid DINA preparation
and pCMVcat to compensate tor
varialions in transiection efficiency.
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control of natural hGH gene promoter
and a copy of the simian virus 40
(§V40) enhancer. The second con-
struct, pMTHGH, has the hGH struc-
tural gene joined o the metallothionein
promater. The third coastruct,
pCMVHhGH, has the cytomegalovirus
enhancer-pramoter pair driving the ex-
pression of the hGH stucwral gene
(L1). Finally, pNUT uses the metal-
lothicnein promoter and SV40 enhan-
cer to express the promoteriess hGH-N
gene, The level of hGH secreted into
the medium of cells wansfected in
paralle! with each of these plasmid
caonstructs was found to be highest with
pNUT (data not showny); therefore, we
chose pNUT for the rest of the swudy,

Homologous DNA Mutagenesis

We chose to examine the effects of
two different types of mutations on
gene expression. The first being that of

sequence variations amwong the first
two exons of the hPL-3 and hWPL-4
genes. The second conesponding o an
important donor splice point mutation
(GT—AT) found at the beginning of
the second intron of the putative hPL
pseudogene ¢hPL-1 or hPL-like gene).
For the above purpose, we desigoed a
strategy called homologous DNA
mutagenesis, whereby we inserted the
DNA regions of interest from the
homologous genes into the context of
the gene coding for hGH. A segment
comprising the first 588 base pairs (bp)
of the gene from the capping site to the
second inttum of the hGH gene was
replaced by the comresponding seg-
ments from hPL-3 and hPL-4 genes,
These 588-bp segments from the two
sctive hPL, genss display only eight
nucleotidic changes distributed as fol-
lows: one in the 5 -untranslated regiomn.
one in the first exon (signal peptide),
three in the first intron and three in the

pCMVhGH
4.9kb

hGH

pSVgpthGH

Figure 1. Structure of hiGH expression vectors. With the exception of pSVegpth(iH, which contmns
the entwre hGH gene including it natural promgter, all gther vectors shown here were constpucied by
fusing the hGH gene structural region between the BamHl site ar the begmmung of the first eaan to the
EcoR[ site at the ¥ end 1o different transenptional control elements. In pMThGH, the expression of the
hGH prarmoter-less geme is dincied by te mouse metatlothiomem promater. ln pNUT, the 3V40
enhancer and the mouse metaligthionein promaer conml the level of wramonption. Finally, wm
pCMVECH the aamsergptional conerol clement is the enbamer-promater uf e immediae early

tramseribed repion of humnan cytomcgalovous
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second intron. We also replaced this
same region for sequences from the
hPL-3m hybrid gene. hPL-3m (‘m”
means mutated) is a derdvative from the
active hPL-3 gene constructed in our
laboratory (R. Ramirez-Solis and H.A.
Barrera-Saldafia, unpublished results)
carrying the point mutation at the
splice site described above, Maps of
these chimeric genes are shown in
Figure 2.

Transient Expression Levels of the
WGH Structural Genes Containing
Mutativns

To quaniify the effects of the ex-
pression of the sequence changes intro-
duced into the hGH structural gene
after their construection, we insened the
hybrid genes into pNUT. Both the plas-
mids carrying the hybrod genmes and
control plasmids were introduced into
COS-7 culwured cells, We found that
the media from cells transfected with
the plasmid carrying the hGH-N/RPL-3
hybrid gene [GH(PL-3: 1, II)] con-
tained hGH equivalent to 62.3% of that
found with the positive control
(pNUT), Values of hGH, five times
lower than those obtained with the

GH{PL-31, 1)
8 Ps e

GHIPL-3m 1.1}
) P

| g

P -4
8 F'SG L4I,I]]p

Figure 2. Genetic organization of chlmeric
gene constructs. The drawings illustrare the
nps and origin of the pene Frayments (2150 bp)
used for the constructian of the chimeric genes
wed. Boxes represert cxons. Sites for restaction
eueymes are: 8 = Bustl, P = Pvull. § = Sacl
ard E = £, 0l OUngins of gene tragments are in
blank. hPL-%; stippled, hPL-1; hatched, W'l -4;
and open. BUGH-MN,
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hGH-NMPL-3 hybrid gene, were
detected in the media of cells transfec-
ted with the hGH-N/WPL-4 hybrid gene
[GH(PL-4: 1, II)] plasmid. The hGH
level in the media of cells transfected
with the plasmid vector having as in-
sert the hGH-N/hPL-3m hybrid gene
[GH(PL-3m; I, )] was unegligible.
These results (see Table 1) suggest that
the splice site mutation at the begin-
ning of intron LI of the hPL-1 gene may
be the cause of a reduced expression of
this gene. In addition, they help to
reveal sequence variarions within the
first 600 bp of the 2 active hPL genes
as a possible source of difference in the
hPL gene expression level.

CONCLUSIONS

A novel aspect of our strategy is the
use of hGH, a convenient extracellular
refercnce protein (13) to quantify the
effect of mutations on gene expression.
It is particularly helpful when studying
the expression of a gene related to the
reporter gene. This is achieved by
homologous DNA mutagenssis, which
consists of the invertion of mutations
present in members of a multigene
family into the context of a homolo-
pous reporter gene. Using the gene
coding for the well-known form of
hGH, our approach permits a quantita-
tive measurement of the effect of prac-
tically any mutation or nucleotide se-
quence change occurring in placental
lactogen and growth hormone genes.
Qur procedure should be possible to
use with any gene whose protein
product can be easily detected.
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