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(57) ABSTRACT 

The present invention pertains to methods for treatment of 
in?ammatory and cell proliferation disorders, such as can 
cer, by administering an agent that reduces atrial natriuretic 
peptide receptor-A (NPR-A) activity. In one aspect, the 
invention concerns a method for treatment of in?ammatory 
and cell proliferation disorders, such as cancer, by admin 
istration of an effective amount of natriuretic hormone 
peptide (NP), or a polynucleotide encoding NP and an 
operably-linked promoter sequence. In another aspect, the 
present invention includes a pharmaceutical composition 
comprising an agent that reduces the activity of atrial 
natriuretic peptide receptor-A (NPR-A), and an anti-cancer 
agent. In another aspect, the present invention further con 
cerns a method for identifying an agent useful for treating an 
in?ammatory or cell proliferation disorder, comprising 
determining Whether the agent reduces the activity of atrial 
natriuretic peptide receptor-A (NPR-A). 
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MATERIALS AND METHODS FOR TREATMENT 
OF INFLAMMATORY AND CELL 
PROLIFERATION DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims the bene?t of US. 
Provisional Application Ser. No. 60/521,072, ?led Feb. 17, 
2004, Which is hereby incorporated by reference herein in its 
entirety, including any ?gures, tables, nucleic acid 
sequences, amino acid sequences, or drawings. 

BACKGROUND OF THE INVENTION 

[0002] The vast majority of cancers of the lung, breast and 
colon are adenocarcinomas, Which arise from pre-existing 
adenomatous polyps that develop in the normal colonic 
mucosa. This adenoma-carcinoma sequence is a Well-char 
acteriZed clinical and histopathologic series of events With 
Which discrete molecular genetic alterations have been asso 
ciated. Lung tumor development and metastasis are complex 
processes that include transformation, proliferation, resis 
tance to apoptosis, neovasculariZation, and metastatic 
spread. A number of gene products have been identi?ed that 
play critical roles in these processes. It has been suggested 
that the development of epithelial-derived tumors, the most 
common class of cancers, involves mutations of tumor 
suppressors and proto-oncogenes or epigenetic alterations of 
signaling pathWays affecting cell proliferation and/or sur 
vival, Which in turn may be caused by in?ammation induced 
by infections and reactive oxygen species (ROS) (Ernst, P. 
Aliment Pharmacol Ther, 1999, 13(1):13-18). 

[0003] A group of four peptide hormones, originating 

from the 126-amino acid atrial natriuretic factor prohormone, have become knoWn for their vasodilator activ 

ity. These four peptide hormones, consisting of amino acids 
1-30, 31-67, 79-98, and 99-126 of this prohormone, have 
been named long acting natriuretic peptide (LANP), vessel 
dilator (VD), kaliuretic peptide (KP), and atrial natriuretic 
peptide (AN P), respectively, for their most prominent effects 
(Angus R. M. et al., Clin Exp Allergy 1994, 24:784-788). 
The ANP sequence, particularly the C-terminal portion, is 
highly conserved among species (Seidman et al., Science, 
1984, 226:1206-1209). ANP has been proposed to be useful 
for treatment of various cardiovascular, respiratory, and 
renal diseases (Vesely, D. L. Cardiovascular; 2001, 51:647 
658), but also causes in?ammation. The family of natriuretic 
hormone peptides has been shoWn to have broad physiologic 
effects, including vasodilation and inhibition of aldosterone 
secretion and cardiovascular homeostasis. 

[0004] As indicated above, ANF, the 126 amino acid 
prohormone, gives rise to four peptides: LAN P (amino acids 
1-30), VD (amino acids 31-67), KP (amino acids 79-98) and 
ANP (amino acids 99-126, also referred to herein as NP99_ 
126) (Angus R. M. et al, Clin ExpAllergy, 1994, 24:784-788). 
The ANP sequence particularly the C-terminal portion is 
highly conserved among species (Seidman et al., Science, 
1984, 226: 1206-1209). The natriuretic peptide receptors 
(NPRs), NPR-A and NPR-B, are expressed in many different 
tissues of various organs systems, and are coupled to gua 
nylyl cyclase. ANP and BNP are thought to signal primarily 
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through NPR-A by increasing cGMP and activating cGMP 
dependent protein kinase (PKG). NPR-A is the primary 
receptor for ANP While NPR-B seems to bind CNP most 
effectively. PKG activation in turn activates ion transporters 
and transcription factors, Which together affect cell groWth 
and proliferation, apoptosis and in?ammation. NPR-C is a 
clearance receptor for ANP removal, but also appears to 
signal phospholipase C activation and a decrease in adenylyl 
cyclase activity through a cGMP-independent pathWay 
(Abbey and Potter, Endocrinology, 2003, 144: 240-246; 
Silberbach and Roberts, Cell Signal, 2001, 13:221-231). The 
signaling mechanisms underlying ANP’s groWth regulatory 
effects are poorly understood, although a number of reports 
suggest that ANP acts through mitogen-activated protein 
kinases (Silberbach and Roberts, Cell Signal, 2001, 13:221 
231). 
[0005] Most cells of the mucosal immune system have 
ANP receptors (NPRs) and there is evidence that natriuretic 
peptides regulate the immune response and in?ammation 
(Kurihara et al., Biochem Biophys Res Commun 1987, 
149:1132-1140). ANP stimulates migration of human neu 
trophils (IZumi et al., J Clin Invest 2001, 108:203-213), and 
inhibit nitric oxide and TNF-ot production by murine mac 
rophages (Kiemer and Vollmar, J Biol Chem 1998, 
273:13444-13451; Kiemer et al.,JImmunol 2000, 165:175 
81). It has been suggested that the ANP system may be a 
critical component of the immune response through its 
actions on both immune and non-immune cells. In patients 
With lung tumors, the immune response plays a large part in 
the progression of the disease and, consequently, the NPR 
system may potentially be involved. The alveolar macroph 
ages in lung cancer patients secrete more pro-in?ammatory 
cytokines, such as IL-6 and IL-1[3, after LPS stimulation 
than in persons With non-malignant disease (Matanic et al., 
Scand J Immunol 2003, 57: 173-178). Increased IL-6 in lung 
cancer patients enhances the acute phase response, and is 
correlated With poor nutritional status and loWered survival 
(Martin et al., Cytokine 1999, 11; 267-273). The cells of the 
immune system, such as natural killer (NK) cells, V0.24 
NKT, Which are necessary for cancer surveillance may also 
be reduced in lung tumor patients (Motohashi et al., Int J 
Cancer 2002, 102:159-165). The most common clinical 
paraneoplastic syndrome in patients With small-cell lung 
cancer (SCLC) is hyponatremia, Which is believed to be 
caused by tumor secretion of vasopressin. Tumor biopsies 
from patients With SCLC and hyponatremia expressed the 
gene for ANP (ShimiZu et al., Cancer 1991, 68: 2284-2288; 
Bliss et al., J Natl Can Inst, 1990, 82: 305-310). Thus, the 
reduced sodium levels seen in SCLC patients may be 
attributed to the secretion of ANP (Bliss et al., J Natl Can 
Inst, 1990, 82: 305-310). Human SCLC cell lines express 
functional ANP receptors (Ohsaki et al., Cancer Res 1993, 
53: 3165-3171). A majority of SCLC cell lines produce ANP 
and some produce BNP as Well (Ohsaki et al., Oncology 
1999, 56: 155-159). In contrast, in NSCLC cell lines, Which 
are derived mostly from adenocarcinomas that comprise 
about tWo-thirds of all lung cancers, little is knoWn about 
their groWth regulation in response to ANP cascade. 

[0006] The present inventor has found that the N-terminal 
natriuretic peptides, such as pNP73-102, are capable of 
inhibiting NFkB activation (Mohapatra, international appli 
cation WO 2004/022003, published Mar. 18, 2004, Which is 
incorporated herein by reference in its entirety), and that the 
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ANP cascade plays a critical role in cell proliferation and 
in?ammation. NFkB, a transcription factor and a key player 
in in?ammatory processes, has been implicated in the devel 
opment of cancer in liver and mammary tissues (Greten F. R. 
et al. Cell, 2004, 118: 285-296; Pikarsky E. et al. Nature, 
2004, 4311 461-466). Activation of the NF-KB pathWay 
enhances tumor development and may act primarily in the 
late stages of tumorigenesis. Inhibition of NF-KB signaling 
uniformly suppressed tumor development; hoWever, 
depending upon the model studied, this salutary effect Was 
attributed to an increase in tumor cell apoptosis, reduced 
expression of tumor cell groWth factors supplied by sur 
rounding stromal cells, or abrogation of a tumor cell dedi 
fferentiation program that is critical for tumor invasion/ 
metastasis. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention pertains to methods for 
reducing natriuretic peptide receptor-A (also knoWn in the 
art as NPRA, NPR-A, and guanylate cyclase A) activity in 
vitro or in vivo. The method of the invention may be used 
for treating in?ammatory and cell proliferation disorders, 
such as cancer. 

[0008] In another aspect, the present invention concerns 
methods for identifying agents useful for treating in?am 
matory and cell proliferation disorders by determining 
Whether the candidate agent reduces activity of the natri 
uretic peptide receptor-A (also knoWn in the art as NPRA, 
NPR-A, and guanylate cyclase A) in vitro and/or in vivo 
(also referred to herein as the diagnostic method or assay of 
the invention). 
[0009] In another aspect, the method of the present inven 
tion may be used for reducing the groWth of cancer cells in 
vitro or in vivo. In one aspect, the method is useful for 
treating cancers, such as adenocarcinomas of lung, breast, 
ovary and melanomas, Which may be caused by cell prolif 
eration and in?ammation induced by the atrial natriuretic 
peptide (ANP) cascade. 

[0010] In one embodiment, the method of the present 
invention comprises administering a therapeutically effec 
tive amount of an agent that reduces NPR-A activity. In 
another embodiment, the method of the present invention 
comprises administering a therapeutically effective amount 
of an N-terminal natriuretic peptide (referred to herein as NP 
or NP peptide), or a polynucleotide encoding NP and an 
operably-linked promoter sequence, to a patient in need of 
such treatment. As used herein, NP refers to peptides derived 
from atrial natriuretic factor hormone, or a biologi 
cally active fragment, homolog, or variant thereof. In 
another embodiment, the method of the present invention 
comprises administering an effective amount of NP, or a 
polynucleotide encoding NP and an operably-linked pro 
moter, to one or more cancer cells, Wherein the NP is capable 
of reducing cell proliferation and/or tumor groWth. The 
effect of the NP or a biologically active fragment, homolog, 
or variant thereof, is capable of reducing cancer cell groWth 
in vitro or in vivo. 

[0011] Speci?cally exempli?ed NPs comprise an amino 
acid sequence selected from the group consisting of amino 
acids 1-30 of ANF (also knoWn as “long acting natriuretic 
peptide” and referred to herein as NP1_3O or SEQ ID N011), 
amino acids 31-67 of ANF (also knoWn as “vessel dilator” 
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and referred to herein as NP31_67 or SEQ ID N012), and 
amino acids 79-98 of ANF (also knoWn as “kaliuretic 
peptide” and referred to herein as NP79_98 or SEQ ID N013), 
or biologically active fragments or homologs of any of the 
foregoing. Other exempli?ed NPs comprise amino acids 
73-102 of proAN F (referred to herein as NP73_102 or SEQ ID 
N015), or SEQ ID N016, or biologically active fragment(s) 
or homolog(s) of the foregoing. In one embodiment, the NP 
administered to the patient does not consist of NP99_126 
(SEQ ID N014). 
[0012] In another embodiment, the method of the present 
invention comprises administering an effective amount of at 
least one nucleic acid molecule encoding an NP to a patient 
in need of such treatment. The present inventor has deter 
mined that introduction of a nucleic acid molecule encoding 
NP is capable of inhibiting tumor groWth and tumor metasta 
sis. The gene delivery method of the present invention 
permits long-term expression of NP-encoding nucleic acid 
sequences in vivo, thereby conferring anti-cancer effects. In 
one embodiment, a therapeutically effective amount of at 
least one nucleic acid molecule encoding a peptide com 
prising an amino acid sequence selected from the group 
consisting of SEQ ID N011, SEQ ID N012, SEQ ID N013, 
SEQ ID N014, and SEQ ID N015 or biologically active 
fragments or homologs of any of the foregoing, are admin 
istered to the patient. 

[0013] In another aspect, the present invention concerns 
an isolated peptide comprising the amino acid sequence 
NPBV102 (SEQ ID N015) or SEQ ID N016, or a biologically 
active fragment or homolog of the foregoing. In another 
aspect, the present invention concerns an isolated nucleic 
acid molecule encoding the amino acid sequence of NP73_102 
(SEQ ID N015) or encoding the amino acid sequence of 
SEQ ID N016, or a biologically active fragment or homolog 
thereof. 

[0014] In another aspect, the present invention concerns 
an expression vector comprising a nucleic acid sequence 
encoding an NP, and a promoter sequence that is operably 
linked to the NP-encoding nucleic acid sequence. In one 
embodiment, the expression vector is a DNA plasmid or 
virus. In another aspect, the present invention concerns a 
pharmaceutical composition comprising a nucleic acid 
sequence encoding an NP, and a pharmaceutically accept 
able carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] For a fuller understanding of the nature and objects 
of the invention, reference should be made to the folloWing 
detailed description, taken in connection With the accompa 
nying draWings, in Which: 

[0016] FIG. 1 shoWs pNP 73-102 inhibits NPRA expres 
sion. Pregnant (12 days) mice Were injected ip With pVAX 
(vector), or pNP73-102. After 1 day, mice Were sacri?ced, 
thymi removed from the embryo, and homogeniZed. Cells 
Were centrifuged and erythrocytes Were lysed and incubated 
With anti-NPR-Ab or anti-NPR-C for 1 hour, Washed, and 
incubated With PE-conjugated secondary antibodies. Levels 
of NPRA and NPRC Were determined by ?oW cytometry. 

[0017] FIGS. 2A-2D shoW NPRA de?ciency decreases 
pulmonary in?ammation. Groups (n=3) of Wild type DBA/2 
(Wt) (FIG. 2A) and NPR-C de?cient (NPRC_/_) (FIG. 2B) 
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mice and Wild type C57/BL6 (Wt) (FIG. 2C) and NPR-A 
(NPRA_/_) (FIG. 2D) Were sensitized With OVA (20 
mg/mouse) and after 2 Weeks challenged in. With OVA (20 
mg/mouse). One day later mice Were sacri?ced and lung 
sections Were stained With H & E to examine in?ammation. 

[0018] FIGS. 3A-3D demonstrate that A549 cells trans 
fected With pNP73_102 shoW a signi?cantly higher level of 
apoptosis compared to control and pANP or pVAX (FIGS. 
3A-3C). Cells Were transfected With pNP73-102, pAN P and 
pVAX (as control) and cells Were stained With PI and 
annexin and quanti?ed by How cytometry (FIG. 3D). The 
proteins Were isolated and an equal amount of the cell 
lysates Were Western-blotted using an antibody to poly-ADP 
ribose polymerase (PARP). The results demonstrate that 
pNP73-102 shoWs a higher accumulation of apoptotic cells 
compared to cells transfected With pANP and pVAX con 
trols. 

[0019] FIG. 4 shoWs that pNP73-102 decreases tumori 
genesis in a colony formation assay by A549. Six centimeter 
tissue culture plates Were covered With 4 ml of 0.5% soft 
agar. A549 cells Were transfected With pAN P, pNP73_102 and 
pVAX plasmid DNA (V) or nothing After 40 h of 
transfection, cells Were suspended in 2 ml of 0.3% soft agar 
and added to each plate. Cells Were plated in duplicate at a 
density of 2><104 cells/dish and incubated for tWo Weeks. 
Plates Were photographed under a microscope. Cell colonies 
Were counted and plotted. The results of one representative 
experiment of tWo is shoWn. 

[0020] FIGS. 5A-5E shoW expression of NP73_1O2-FLAG 
in the BAL cells after in. administration of chitosan encap 
sulated plasmid pNP73_1O2-FLAG construct. BAL Was per 
formed in mice (n=3) after 24 hours and BAL cells Were 
stained With either the second antibody control or anti 
FLAG antibody (SIGMA) and then With DAPI. A represen 
tative staining is shoWn (FIGS. 5A-5C). FIG. 5D shoWs 
lungs removed from mice treated With chitosan nanopar 
ticles carrying pNP73_102 (CPNP73-102) (Rx) or empty 
plasmid pVAX (control). The lungs of control mice shoWed 
several lung nodules in contrast to mice treated With 
CPNP73-102, Which shoWed very feW tumors. Intranasal 
CPNP73-102 administration abrogated tumor formation in 
A549 injected nude mice. Nude mice Were given 5 ><106 cells 
intravenously (tail vein) and Weekly injections of nanopar 
ticle carrying either empty plasmid (control) or pNP73-102 
(Rx). Three Weeks later, mice Were sacri?ced and lung 
sections Were stained With H & E to examine the lung 
nodules (FIG. 5D). Control shoWs nodules and tumor cell 
mass, Whereas the treated group had no tumors. Sections 
Were also stained With antibodies to cyclinB and to phospho 
Bad (FIG. 5E). The results shoW that mice treated With 
CPNP73-102 had no tumors in the lung and did not shoW 
any staining for pro-mitotic Cyclin-B and anti-apoptotic 
marker phospho-Bad. 

1MSSFSTTTVS FLLLLAFQLL GQTRANPMYN AVSNADLMDF KNLLDHLEEK 
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[0021] FIGS. 6A-6D demonstrate that treatment With chi 
tosan nanoparticles carrying pNP73_102 (CPNP73-102) 
decreases the tumor burden in a spontaneous tumorigenesis 
model of immunocompetent BALB/c mice. TWo groups of 
mice (n=4) Were administered With the Line-1 tumor cells 
(100,000 cells/mouse) at the ?anks. One group Was admin 
istered With CPNP73-102 the same day, Whereas another 
group Was administered With vehicle alone (nanoparticle 
carrying a plasmid Without NP73-102) and the third group 
Was given the saline. Treatment Was continued With 
CPNP73-102 or control at Weekly intervals for 5 Weeks. The 
tumors Were dissected out from the mice of each group 
(FIGS. 6A-6C) and the tumor burden Was calculated by 
Weighing them on a balance and expressed as tumor mass 
per g lung Weight. Results are shoWn in FIG. 6D. 

[0022] FIG. 7 shoWs that CPNP73-102 induces apoptosis 
in chemoresistant ovarian cancer cells. C-13 and OV2008 
ovarian cancer cells Were transfected With pNP73-102. 
Forty-eight hours later, cells Were processed for TUNEL 
assay to examine apoptosis. The results of one of tWo 
representative experiments are shoWn. 

[0023] FIG. 8 shoWs breast cancer MCF-7 cell counts. 
The cells Were transfected With pVAX, pANP, and pANP73_ 
102 and counted at 24 and 48 hours after transfection. 30 ml 
of Trypan Blue Was mixed With 30 ml for measuring the cell 
viability. The results of one of tWo representative experi 
ments are shoWn. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0024] SEQ ID NO11 is the amino acid sequence of human 
“long acting natriuretic peptide” or NP1_3O1 1NPMYN AVS 
NADLMDF KNLLDHLEEK MPLED30 (SEQ ID N011). 

[0025] SEQ ID NO12 is the amino acid sequence of human 
“vessel dilator” or NP31_671 31EVVPP QVLSEPNEEA 
GAALSPLPEV PPWTGEVSPA QR67 (SEQ ID NO12). 

[0026] SEQ ID N013 is the amino acid sequence of human 
“kaliuretic peptide” or NP79_981 79SSDRSAL LKSKL 
RALLT APR98 (SEQ ID N013). 

[0027] SEQ ID NO14 is the amino acid sequence of human 
“atrial natriuretic peptide” (ANP) or NP99_1261 99SLRRSSC 
FGGRMDRIGA QSGLGCNSFR Y126 (SEQ ID N014). 

[0028] SEQ ID NO15 is the amino acid sequence of cloned 
mouse pNP7qngoz1 73 GSPWDPSDRS ALLKSKLRAL 
LAGPRSLRR (SEQ ID N015). 

[0029] SEQ ID NO16 is the amino acid sequence of cloned 
mouse NP fragment: VSNTDLMDFK NLLDHLEEKM 
PVEDEVMPPQ ALSEQTE (SEQ ID N016). 

[0030] SEQ ID NO17 is the amino acid sequence for the 
human preproANP (NCBI ACCESSION # NMi006172) 
Wherein the underlined amino acids represent the signal 
sequence Which is cleaved off to form the mature peptide1 

(SEQ ID NO:7) 

MPLEDEVVPP QVLSEPNEEA GAALSPLPEV PPWTGEVSPA QRDGGALGRG 

PWDSSDRSAL LKSKLRALLT APRSLRRSSC FGGRMDRIGA QSGLGCNSFR Y151. 
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[0031] SEQ ID NO:8 is a forward primer for the cDNA 
sequence encoding mouse prepro ANF protein: 

5 '—gac ggc aag ctt act atg ggc agc (SEQ ID NO:8 ) 

ccc tgg gac cc-3 ' . 

[0032] SEQ ID NO:9 is a reverse primer for the cDNA 
sequence encoding mouse pre-proANF protein: 

(SEQ ID NO:9) 

5 '—acc ccc ctc gag tta tta tct tcg tag gct ccg-3 ' . 

[0033] SEQ ID NO:10 is a forward primer for the cDNA 
sequence encoding mouse NP fragment: 

(SEQ ID NO:l0) 

5 '—aat cct aag ctt agt atg gtg tcc aac aca gat-3 ' . 

ltggcgaggga cagacgtagg ccaagagagg ggaaccagag aggaaccaga ggggagagac 
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[0035] SEQ ID NO:12 is the nucleotide sequence encod 
ing cloned mouse pNP73_102: 

atg ggc agc ccc tgg gac ccc tcc gat (SEQ ID NO:l2) 

aga tct gcc ctc ttg aaa agc aaa ctg 

agg gct ctg ctc gct ggc cct cgg agc 

cta cga aga taa. 

[0036] SEQ ID NO:13 is the nucleotide sequence encod 
ing cloned mouse pNP fragment: 

atg gtg tcc aac aca gat ctg atg gat (SEQ ID NO:13) 

ttc aag aac ctg cta gac cac ctg gag 

gag aag atg ccg gta gaa gat gag gtc 

atg ccc ccg cag gcc ctg agt gag cag 

act gag taa. 

[0037] SEQ ID NO:14 is the mRNA nucleotide sequence 
encoding human ANP (NCBI Accession # NMi006172: 

(SEQ ID NO:14) 

6lagagcagcaa gcagtggatt gctccttgac gacgccagca tgagctcctt ctccaccacc 

l2laccgtgagct tcctcctttt actggcattc cagctcctag gtcagaccag agctaatccc 

l8latgtacaatg ccgtgtccaa cgcagacctg atggatttca agaatttgct ggaccatttg 

24lgaagaaaaga tgcctttaga agatgaggtc gtgcccccac aagtgctcag tgagccgaat 

30lgaagaagcgg gggctgctct cagccccctc cctgaggtgc ctccctggac cggggaagtc 

36lagcccagccc agagagatgg aggtgccctc gggcggggcc cctgggactc ctctgatcga 

42ltctgccctcc taaaaagcaa gctgagggcg ctgctcactg cccctcggag cctgcggaga 

48ltccagctgct tcgggggcag gatggacagg attggagccc agagcggact gggctgtaac 

54lagcttccggt actgaagata acagccaggg aggacaagca gggctgggcc tagggacaga 

60lctgcaagagg ctcctgtccc ctggggtctc tgctgcattt gtgtcatctt gttgccatgg 

66lagttgtgatc atcccatcta agctgcagct tcctgtcaac acttctcaca tcttatgcta 

72lactgtagata aagtggtttg atggtgactt cctcgcctct cccaccccat gcattaaatt 

78lttaaggtaga acctcacctg ttactgaaag tggtttgaaa gtgaataaac ttcagcacca 

84ltggac. 

[0034] SEQ ID NO:11 is a reverse primer for the cDNA 
sequence encoding mouse NP fragment: 

5 '—tgc gaa ctc gag tta ctc agt ctg (SEQ ID NO:ll) 

ctc act cag ggc ctg cg-3 ' . 

[0038] SEQ ID NO:15 is the human gene for atrial natri 
uretic factor propeptide (coding sequence includes—join 
(570. . . 692, 815. . . 1141, 2235. . . 2240); sig. peptide=570 

. . . 644; mat. peptide=join (645 . . . 692, 815 . . . 1141, 2235 

. . . 2237), (NCBI ACCESSION NO: X01471; Greenberg, B. 

D. et al., Nature, 1984, 312(5995):656-658): 








































































