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RECOMBINANT BIFUNCTIONAL PROTEIN 
OF HUMAN LUTROPIN RECEPTOR AND 
HUMAN CHORIONIC GONADOTROPIN 

B-SUBUNIT AND USES THEREOF 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 60/613,246, ?led Sep. 27, 2004. 

The subject matter of this application Was made With sup 
port from the United States Government under The National 
Institutes of Health, Grant No. 1 R01 HD37109-01A1. The 
US. Government may have certain rights. 

FIELD OF THE INVENTION 

The present invention relates to a chimeric nucleic acid 
molecule encoding a human lutropin hormone receptor/hu 
man chorionic gonadotropin-[3 fusion protein, an expressed 
recombinant human lutropin hormone receptor/human chori 
onic gonadotropin-[3 fusion protein, antibodies to the protein, 
and uses thereof. 

BACKGROUND OF THE INVENTION 

Pituitary lutropin hormone (LH) is suppressed during the 
luteal phase of the menstrual cycle by negative feedback from 
ovarian steroids (Leung et al., “Interactions of Steroids and 
Gonadotropins in the Control of Steroidogenesis in the Ova 
rian Follicle,” Annu Rev Physiol 42:71-82 (1980); Christen 
son et al., “Maturation of Ovarian Follicles in the Prepubertal 
Gilt,” J Reprod Fertil Suppl 33:21-36 (1985) and Abraham et 
al., “Simultaneous Radioimmunoassay of Plasma FSH, LH, 
Progesterone, 17-Hydroxyprogesterone, and Estradiol 
17beta During the Menstrual Cycle,” J Clin Endocrinol 
34:312-318 (1972)). Human chorionic gonadotropin (hCG), 
a placental hormone produced in the female at the time of 
implantation, provides a backup forpituitary LH to rescue the 
corpus luteum of pregnancy. hCG is a heterodimeric glyco 
protein hormone consisting of an 0t and a [3 subunit that 
stimulates intracellular levels of cAMP via a G-protein 
coupled receptor. A distinct feature of the hCG-[3 subunit is 
the presence of a C-terminal extension (CTP) of 24 amino 
acids, Which produce speci?c antibodies to hCG-[3 With little 
cross-reaction With LH. In a gonadal cell, hCG binds to its cell 
surface receptor (LH/CG-R), resulting in an increase in the 
concentration of intracellular cAMP (Wu et al., “Protein 
Engineering of Novel Constitutively Active Hormone-Re 
ceptor Complex,” J Biol Chem 271:31638-31642 (1996). 
hCG and hLH (human LH) are identical in structure except 
for the CTP of the [3-subunit of hCG, Which is highly glyco 
sylated and has three serine-linked carbohydrate moieties 
(Cole et al., “The Structures of the Serine-Linked Sugar 
Chains on Human Chorionic Gonadotropin,” Biochem Bio 
phys Res Commun 126 (1):333-339 (1985)). hLH and hCG, 
by virtue of their structural similarity, bind to the same 
lutropin receptor (LH-R) in the gonads. The LH-R is also a 
member of the G protein-coupled receptor (GPCR) family 
and contains a relatively large, highly glycosylated, N-termi 
nal extracellular domain (ECD) knoWn for high a?inity 
ligand binding @(ie et al., “Extracellular Domain of Lutropin/ 
Choriogonadotropin Receptor Expressed in Transfected 
Cells Binds Choriogonadotropin With High Af?nity,” J Biol 
Chem 265(35):2141 1-21414 (1990) and Ji et al., “Exons 1-10 
of the Rat LH Receptor Encode a High Af?nity Hormone 
Binding Site and Exon 1 1 Encodes G-Protein Modulation and 
a Potential Second Hormone Binding Site,” Endocrinology 
128:2648-2650 (1991)), a seven-transmembrane domain, and 
a short intracellular cytoplasmic tail (McFarland et al., 
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"Lutropin-Choriogonadotropin Receptor: An Unusual Mem 
ber of the G Protein-Coupled Receptor Family,” Science 245 
(4917):494-499 (1989)). The extracellular domain is charac 
terized by a motif of imperfect leucine-rich repeats, Which 
contributes largely to the high af?nity hormone binding of the 
receptor @(ie et al., “Extracellular Domain of Lutropin/ 
Choriogonadotropin Receptor Expressed in Transfected 
Cells Binds Choriogonadotropin With High A?inity,” J Biol 
Chem 265(35):21411-21414 (1990)). cDNAs ofLH receptor 
have considerable interspecies homology among vertebrates 
(Ascoli et al., The Lutropin/Choriogonadotropin Receptor, A 
2002 Perspective,” Endocr Rev 23(2): 141-174 (2002)). 
hLH-R and hCG-[3 are also antigenic at the interspecies level 
(Ascoli et al., The Lutropin/Choriogonadotropin Receptor, A 
2002 Perspective,” Endocr Rev 23 (2): 1 4 1 -174 (2002); Pal et 
al., “Active Immunization of Baboons (Papio anubis) With the 
Bovine LH Receptor,” J Reprod Immunol 21(2): 1 63-174 
(1992); Pal et al., “Biological Actions of Monoclonal Anti 
bodies to Bovine Lutropin Receptor,” J Reprod Immunol 
22(1): 103 (1992); Remy et al., “Immunization Against Exon 
1 Decapeptides From the Lutropin/Choriogonadotropin 
Receptor or the Follitropin Receptor as Potential Male Con 
traceptive,” JReprod Immunol 32(1):37-54 (1996); Singh et 
al., “Effect of Immunization With Lutropin-Receptor on the 
Ovarian Function of Rabbits,” J Immunoassay 16(1): 1-16 
(1995), Vaitukaitis et al., “A Radioimmunoassay Which Spe 
ci?cally Measures Human Chorionic Gonadotropin in the 
Presence of Human Luteinizing Hormone,” Am J Obstet 
Gynecol 113(6):751-758 (1972)). Hence, hLH-R and hCG, 
and their functional epitopes, provide vital targets to be 
manipulated by genetic engineering to produce unique anti 
fertility antigens. 

Ef?cacies of antibodies to the hLH-R and hCG-[3 individu 
ally have been amply demonstrated in the regulation of 
gonadal function. There are a number of reports that qualify 
LH-R as a potential anti-fertility antigen (Remy et al., 
“Immunization Against Exon 1 Decapeptides From the 
Lutropin/Choriogonadotropin Receptor or the Follitropin 
Receptor as Potential Male Contraceptive,” J Reprod Immu 
nol 32(1):37-54 (1996); Saxena et al., “Modulation of Ova 
rian Function in Female Dogs Immunized With Bovine 
Luteinizing Hormone Receptor,”ReprodDomesZAnim 37(1): 
9-17 (2002), and Saxena et al., “Effect of Immunization With 
Bovine Luteinizing Hormone Receptor on Ovarian Function 
in Cats,”Am J VeZRes 64(3):292-298 (2003)). The injection of 
the recombinant mouse LH-R With hormone binding region 
to male mice induced immunity against the receptor. The data 
indicated that the speci?c anti-gonadotropin receptor vacci 
nation could potentially be used as a fertility control proce 
dure in males (Remy et al., “Immunization Against Exon 1 
Decapeptides From the Lutropin/Choriogonadotropin 
Receptor or the Follitropin Receptor as Potential Male Con 
traceptive,” J Reprod Immunol 32(l):37-54 (1996)). Previous 
studies shoWed that actively immunizing female dogs and 
cats With highly puri?ed bovine LH-R can produce antibodies 
to the LH-R, Which suppresses progesterone synthesis due to 
the blockade of the gonadal receptor (Saxena et al., “Modu 
lation of Ovarian Function in Female Dogs Immunized With 
Bovine Luteinizing Hormone Receptor,” Reprod Domest 
Anim 37(1):9-17 (2002) and Saxena et al., “Effect of Immu 
nization With Bovine Luteinizing Hormone Receptor on Ova 
rian Function in Cats,” Am J Vet Res 64(3):292-298 (2003)). 

Elucidation of the human genome has provided an impetus 
for genetic engineering, gene therapy, and stem cell research. 
Recently, gene based expression of functional recombinant 
proteins and their epitopes as Well as antibodies against them 
have permitted the topographical mapping of receptors to 
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identify active sites and understand the mechanism of ligand 
receptor binding. Synthesis of chimeric genes composed of 
desired functional epitopes of more than one gene to produce 
recombinant proteins has become possible (Sugahara et al., 
“Biosynthesis of a Biologically Active Single Chain Contain 
ing the Human Common a and Chorionic Gonadotropin [3 
Subunits in Tandem,” Proc NazlAcad Sci USA 92:2041-2045 
(1995); Sugahara et al., “Expression of Biologically Active 
Fusion Genes Encoding the Common a Subunit and Either the 
CG[3 of FSH[3 Subunits: Role of a Linker Sequence,” Mol Cell 
Endocrinol 125:71-77 (1996); and Heikoop et al., “Structure 
Based Design and Protein Engineering of Intersubunit Dis 
ul?de Bonds in Gonadotropins,” Nat Biotechnol 15(7):658 
662 (1997); Heikoop et al., “Evaluation of Subunit 
Truncation and the Nature of the Spacer for Single Chain 
Human Gonadotropins,” Eur J Biochem 245(3):656-662 
(1997)). A single peptide chain containing 0t and [3 subunits of 
human chorionic gonadotropin (hCG) in tandem has been 
shoWn to exhibit biological activity (Sugahara et al., “Bio 
synthesis of a Biologically Active Single Chain Containing 
the Human Common 0t and Chorionic Gonadotropin [3 Sub 
units in Tandem,” Proc Natl Acad Sci USA 92:2041-2045 
(1995)). Fusion genes encoding the common ot-subunit of 
hCG and FSH-[3 subunit also expressed a biologically active 
protein (Sugahara et al., “Expression of Biologically Active 
Fusion Genes Encoding the Common 0t Subunit and Either 
the CG[3 of FSH-[3 Subunits: Role of a Linker Sequence,” Mol 
Cell Endocrinol 125:71-77 (1996)). Narayan et al., “Yoked 
Complexes of Human Choriogonadotropin and the Lutropin 
Receptor: Evidence that Monomeric Individual Subunits are 
Inactive,” Mol Endocrinol 16(12):2733-2745 (2002), con 
structed tWo (hCG)-LHR complexes Where the tWo hormone 
subunits and the receptor Were engineered to form single 
polypeptide chains. 

Chemical conjugates to create functional chimeric proteins 
have been made to enhance their immunogenicity and/or to 
modulate metabolic clearance rates and biological activity 
(Klein et al., “Pharmacokinetics and Pharmacodynamics of 
Single-Chain Recombinant Human Follicle-Stimulating 
Hormone Containing the Human Chorionic Gonadotropin 
Carboxyterminal Peptide in the Rhesus Monkey,” Fertil Steril 
77(6): 1248-1255 (2002)). Chimeric proteins have also been 
produced Where the common human ot-subunit of human 
glycoprotein hormone has been non-covalently linked to the 
hormone speci?c [3-subunits of hCG and hFSH to express 
respective intact hormones, and their ability to interact With 
LH-hCG and FSH receptors has been examined (Campbell et 
al., “Conversion of Human Choriogonadotropin Into a Fol 
litropin by Protein Engineering,” Proc Natl Acad Sci USA 
88(3):760-764 (1991)). The active sites of human FSH have 
been chemically modi?ed to alter their activity by using an 
aZidobenZoyl derivative of a glycopeptide isolated from the 
fetuin digest by photoactivation (Rathnam et al., “Conjuga 
tion of a Fetuin Glycopeptide to Human Follicle-Stimulating 
Hormone and its Subunits by Photoactivation,” Biochim Bio 
phys Acla 624(2):436-442 (1980)). Chemical reactions used 
for the addition, deletion, or replacement of functional 
epitopes have been fraught With non-speci?c side reactions 
and changes in the conformation and function of the proteins. 
HoWever, the availability of nucleic acid sequences of 
expressed proteins has opened neW avenues to synthesiZe 
nucleic acid constructs to express hybrids of tWo different 
proteins. This is achieved by the use of site-speci?c restriction 
enZymes and ligases to produce chimeric genes, Which, in 
turn, can express the corresponding hybrid proteins. A single 
chain construct containing hCG 0t and [3 subunits in tandem 
Was fused With the N-terminus of receptor LH-R to investi 
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4 
gate their structure-function relationship (Wu et al., “Protein 
Engineering of Novel Constitutively Active Hormone-Re 
ceptor Complex,” JBiol Chem 271 :31638-31642 (1996)). 
What is needed noW is a chimeric nucleic acid molecule 

that encodes a fusion protein having both a lutropin hormone 
receptor protein, or a fragment thereof, and a human chori 
onic gonadotropin protein or a fragment thereof, Where the 
lutropin hormone receptor protein or fragment, and the 
human chorionic gonadotropin protein or fragment thereof, 
are immunogenic. Such a bifunctional, immunogenic protein 
Would provide a unique antigen for immunocontraception 
and gonadal regulation in vertebrates, including humans. The 
present invention is directed to overcoming these and other 
de?ciencies in the art. 

SUMMARY OF THE INVENTION 

The present invention relates to a chimeric nucleic acid 
molecule encoding a fusion protein having a human lutropin 
hormone receptor domain and a human chorionic gonadotro 
pin-[3 domain. The chimeric nucleic acid molecule of the 
present invention encodes a fusion protein that includes a full 
length human lutropin hormone receptor or an antigenic frag 
ment thereof, and a full length human chorionic gonadotro 
pin-[3 or an antigenic fragment thereof. 

The present invention also relates to an isolated human 
lutropin hormone receptor/human chorionic gonadotropin-[3 
fusion protein having a human lutropin hormone receptor 
domain and a human chorionic gonadotropin-[3 domain. 

Another aspect of the present invention is an isolated anti 
body, or binding portion thereof, Which recogniZes the human 
lutropin hormone receptor domain and the human chorionic 
gonadotropin-[3 domain of the human lutropin hormone 
receptor/human chorionic gonadotropin-[3 fusion protein of 
the present invention. 

Another aspect of the present invention is an isolated anti 
body, or binding portion thereof, Which recogniZes only the 
human lutropin hormone receptor domain of the human 
lutropin hormone receptor/human chorionic gonadotropin-[3 
fusion protein of the present invention. 

Another aspect of the present invention is an isolated anti 
body, or binding portion thereof, Which recogniZes only the 
human chorionic gonadotropin-[3 domain of the human 
lutropin hormone receptor/human chorionic gonadotropin-[3 
fusion protein of the present invention. 
The present invention also relates to an isolated antibody, 

or binding portion thereof, Which recogniZes a human 
lutropin hormone receptor protein or a fragment thereof. 
The present invention also relates to a composition having 

an antibody, or binding portion thereof, that recogniZes the 
human lutropin hormone receptor domain and the human 
chorionic gonadotropin-[3 domain of the human lutropin hor 
mone receptor/human chorionic gonadotropin-[3 fusion pro 
tein of the present invention, and a pharmaceutical carrier. 
The present invention also relates to a composition having 

an antibody, or binding portion thereof, that recogniZes only 
the human lutropin hormone receptor domain of the human 
lutropin hormone receptor/human chorionic gonadotropin-[3 
fusion protein of the present invention, and a pharmaceutical 
carrier. 
The present invention also relates to a composition having 

an antibody, or binding portion thereof, that recogniZes only 
the human chorionic gonadotropin-[3 domain of the human 
lutropin hormone receptor/human chorionic gonadotropin-[3 
fusion protein of the present invention, and a pharmaceutical 
carrier. 
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Another aspect of the present invention is a method of 
immunocontraception. This method involves administering 
an antibody that recognizes the human lutropin hormone 
receptor domain and the human chorionic gonadotropin-[3 
domain of the human lutropin hormone receptor/human 
chorionic gonadotropin-[3 fusion protein of the present inven 
tion to a subject under conditions effective to provide immu 
nocontraception to the subject. 

Another method of immunocontraception is provided in 
the present invention. This method involves administering an 
antibody recognizing a human lutropin hormone receptor 
protein, or a fragment thereof, to a subject under conditions 
effective to provide immunocontraception to the subject. 

Yet another method of immunocontraception provided by 
the present invention involves administering the human 
lutropin receptor/human chorionic gonadotropin-[3 fusion 
protein of the present invention to a subject under conditions 
effective to provide immunocontraception to the subject. 

The present invention relates to yet another method of 
immunocontraception. This method involves administering 
the chimeric nucleic acid molecule of the present invention 
that encodes a human lutropin hormone receptor/human 
chorionic gonadotropin-[3 fusion protein to a subject under 
conditions effective to provide immunocontraception to the 
subject. 

Another aspect of the present invention is a method of 
treating an androgen-excess-mediated disease condition in a 
subject. This method involves administering an antibody, or a 
binding portion thereof, that recogniZes the human lutropin 
hormone receptor domain and the human chorionic gonadot 
ropin-[3 domain of the human lutropin hormone receptor/ 
human chorionic gonadotropin-[3 fusion protein of the 
present invention, to a subject under conditions effective to 
treat the androgen-excess-mediated disease condition. 

The present invention also relates to another method of 
treating an androgen-excess-mediated disease condition in a 
subject. This method involves administering an antibody, or a 
binding portion thereof, that recogniZes the human lutropin 
hormone receptor domain, but not the human chorionic gona 
dotropin-[3 domain of the human lutropin hormone receptor/ 
human chorionic gonadotropin-[3 fusion protein of the 
present invention, to a subject under conditions effective to 
treat the androgen-excess-mediated disease condition. 

The present invention also relates to nucleic acid con 
structs, expression vectors, and hosts that include a chimeric 
nucleic acid molecule encoding a fusion protein having a 
human lutropin hormone receptor domain and a human chori 
onic gonadotropin-[3 domain. 

The lutropin hormone receptor protein (hLH-R) and chori 
onic gonadotropin-[3 hormone (CG-[3) are structurally and 
functionally similar and play an important role in reproduc 
tion via a common gonadal receptor (LH-R). A chimeric 
protein of LH-R conjugated With hCG-[3 could presumably 
become more antigenic since it Will present to the immune 
system as a heterologous antigen to facilitate antibody 
response in a subject. Thus, in females, the antibody to a 
bifunctional protein containing LH-R and hCG-[3 moieties 
Would block the binding of LH to the receptor, Whereas anti 
bodies to hCG-[3 Would neutraliZe hCG produced by the 
blastocyst and inhibit implantation. In males, antibodies to 
such a bifunctional protein could be useful in blocking the LH 
receptor, leading to infertility. Thus, the present invention, 
Which relates to a chimeric nucleic acid molecule encoding a 
hLH-R and hCG-[3 fusion protein, provides a unique antigen 
for immunocontraception and gonadal regulation in verte 
brates, including humans. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the chimeric hLH-R 
hCG-[3 nucleic acid molecule of the present invention. Full 
length hCG-[3 With signal peptide is linked via tWo amino 
acids at the C-terminal of hLH-R. The N-terminus of hLH-R 
contains the signal peptide (SP) of hLH-R. 

FIG. 2 shoWs an agarose gel electrophoresis of nucleic acid 
constructs before and after enZyme digestion of vector con 
taining chimeric construct of full length cDNA of hLH-R and 
hCG-[3. Lane 1: vector pBlueBac+hLH-R+hCG-[3 digested 
With BamHI, Bgl II, and EcoRI. Lane 2: vector pBlueBac+ 
hLH-R+hCG-[3 digested With Bgl II and EcoRI. Lane 3: vec 
tor pBlueBac+hLH-R+hCG-[3 Without enZyme digestion. M: 
DNA siZe markers. 

FIGS. 3A-B are Western blots of solubiliZed membrane 
proteins from Sf9 cells transfected With the hLH-R-hCG-B 
chimeric construct. Sf9 cells transfected by recombinant 
baculovirus Were collected after 72 hrs of transfection. Sixty 
pg of solubiliZed membrane proteins Were separated on a 
7.5% SDS-PAGE under reducing conditions. FIG. 3A shoWs 
blot probed With antibodies to LH-R. FIG. 3B shoWs blot 
probed With antibodies to hCG-[3. Lane 1 : Membrane proteins 
from transfected Sf9 cells probed With antibodies. Lane 2: 
Membrane proteins from mock-transfected Sf9 cells probed 
With antibodies. M: Protein markers. 

FIGS. 4A-B are graphs shoWing results of competitive 
binding assays determining the ability of the hLH-R-hCG-B 
fusion protein to bind to hCG ligand. FIG. 4A shoWs the 
percent speci?c binding of biotinylated-hCG to recombinant 
chimeric protein hLH-R-hCG-[3, expressed in 2><l06 Sf9 
insect cells. FIG. 4B shoWs the percent speci?c binding of 
biotinylated-hCG to hLH-R alone, expressed in 2><l06 Sf9 
insect cells. Total binding of biotinylated-hCG in the absence 
of unlabeled hCG Was adjusted to 100%. Speci?c binding of 
biotinylated-hCG Was determined from the displacement of 
bound biotinylated-hCG at increasing concentrations of unla 
beled hCG. The data are shoWn as MeaniSD of three inde 
pendent experiments. 

FIGS. 5A-B are graphs shoWing intracellular cyclic AMP 
stimulation expressed in 2><l06 Sf9 insect cells as compared 
With cAMP in the culture medium. FIG. 5A shoWs results of 
stimulation by the recombinant chimeric hLH-R-hCG-B pro 
tein. FIG. 5B shoWs results of stimulation by LH-R protein 
alone. Dose-response curve of hCG-mediated increase in 
intracellular cAMP in Sf9 insect cells transfected With chi 
meric DNA construct as Well as cAMP levels in the intercel 
lular incubation medium. The data are shoWn as MeansiSD 
of three independent experiments. 

FIG. 6 is a schematic diagram of chimeric gene hLH-R 
ECD-hCG-[3-CTP. The extracellular domain (ECD) of 
hLH-R With the signal peptide (SP) at its N-terminus Was 
fused to the N-terminus of hCG-[3-CTP using Gly-Thr as the 
linker dipeptide. 

FIG. 7 shoWs the agarose gel electrophoresis of a chimeric 
DNA construct containing the extracellular domain of hLH-R 
and the hCG-[3-CTP domain (hLH-R-ECD-hCG-B construct) 
after enZyme digestion of vector pBlueBac4.5 containing the 
hLH-R-ECD-hCG-B construct. Lane 1: recombinant DNA 
digested With BamH I and Kpn I. Lane 2: recombinant DNA 
digested With BamH I, Kpn I and EcoR I. M: DNA siZe 
markers. 

FIG. 8 shoWs the agarose electrophoresis separation of 
approximately 60 pg of solubiliZed membrane proteins of Sf9 
cells on 7.5% SDS-PAGE under reducing conditions. Lane 1: 
solubiliZed proteins from mock-transfected Sf9 cells. Lane 2: 
solubiliZed proteins from transfected Sf9 cells With hLH-R 








































































































