
tect sor in as large amounts as gp120 and 
gp41 (in either infected cells or virions). 
Alternatively, sor may participate in the early 
events in viral replication (from penetration 
to synthesis of proviral DNA) or in potenti- 
ating the cellular environment i11 which rep- 
lication occurs. Further studies will be nec- 
essary to evaluate these possibilities. 

ground Ie~~els; (iii) virus particles were detected by 
electron microscopy. 
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Humoral hypercalcemia of malignancy is a common complication of lung and certain 
other cancers. The hypercalcemia results from the actions of tumor factors on  bone and 
kidney. We report here the isolation of full-length complementary DNA clones of a 
putative hypercalcemia factor, and the expression from the cloned DNA of the active 
protein in mammalian cells. The clones encode a prepro peptide of 36 amino acids and 
a mature protein of 141 amino acids that has significant homology with parathyroid 
hormone in the amino-terminal region. This previously unrecognized hormone may be 
important in normal as well as abnormal calcium metabolism. 

H YPERCALCEMIA IS FREQUENTLY 

associated ~ i ~ i t h  malignant disease. 
Humoral hypercalcemia of malig- 

nancy (HHM) occurs in cancer patients 
without bony metastases often in association 
with squamous cell carcinoma of the lung, 
where it is a major contributor to morbidity 
and complicates clinical management (1-3). 
The hypercalcemia is caused by tumor prod- 
ucts acting on bone to promote resorption 
and on the kidney to restrict calcium excre- 
tion ( 2 4 ) .  The biochen~ical similarities be- 
nveen primary hyperparathyroidism and the 
HHM syndrome (2, 5 )  pointed to the likeli- 
hood that these tumors produce a substance 
that has actions very similar to parathyroid 
hormone (PTH). This tumor factor is dis- 
tinct from PTH, however, since PTH radio- 
immunoassays usually fail to detect in- 
creased levels of the hormone in plasma 
from HHM subjects (2,3, 6) and since PTH 
messenger RNA is not found in the tumors 
of such patients (7). Using a bioassay based 
on the stimulation of adenosine 3',5'-mono- 
phosphate (CAMP) le\?els in the PTH-re- 

the s!lndrome (1 0, 1 l ) ,  and froin condi- 
tioned media from cultures of two such 
tumors (8, 12). The amino acid sequence of 
the first 16 residues of the BEN cell-derived 
protein has been determined, and 8 of the 
16 residues are identical with human PTH 
(8). We describe here the isolation of com- 
plementary DNA (cDNA) clones, the com- 
plete primary structure, and the active 
expression in mammalian cells of the PTH- 
related protein from BEN cells. 

Cloiles of the PTH-related protein were 
isolated from a cDNA library of BEN cell 
RNA by screening with oligonucleotide 
probes based on NH2-terminal sequence 
data obtained from the purified protein 
(13). Two 72-base oligonucleotides were 
synthesized corresponding to a 24-amino 
acid NHz-terminal sequence ( 8 ) ;  one used 
codons based on mammaliail frequency ta- 
bles (14) and the second used codons from 
PTH for the positions of amino acid match. 
A total of 250,000 primary, oligo(dT)- 
primed, cDNA clo~les in the vector AgtlO 
were screened with a mixture of the nvo - - 

sponsive rat osteogenic sarcoma cell line 
L. J. Suva, J. M.  Moselev, H .  Diefenbach-Jagger, C. P. UMR106-01, we have recently purified a Rodda, B. E ,  Kernp, T . ' J ,  Martin, Uni\rersit\. of Mel. 

~rote in  of M, 18.000 from the collditioned bourne, Department of Medicine. Re~auiation General . , 
kedium of a human lung cancer-cell lille Hospital, H'eidelberg, Victoria, Australia. 
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(BEN) derived originally from a patient Chen, 1%' I. Wood, Departments of Developmental 

with HHM slndrome (8). similar or identi- Biology and Molecular Inununology, Genentech, Inc., 
South San Francisco. CA 94080. 

cal bioloaical activities have also been identi- R. E. H Wettenhall. La Trobe Uni\ers~n.. De~artment 
fie* in of tumors from HHM pa- of Biochemist"' Bundoora, Victoria, Auikalia: 
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Fig. 2. Homolog) of I'TH-related protcin and 1'TH. The scclucllccs arc hull-ian 1'TH-related protcin 
(hPTHrI1) reported here; and human (h) ,  bovinc (b),  porcine (p ) ,  and rat (r) 1'TH (28). 

cells coding for the PTH-related protein is a 
broad band centered at about 1350 bp with 
some material as high as 1700 bp. Variable 
splicing in the 5' untranslated region as well as 
variable 3'  poly(A) sequences probably ac- 
count for this broad band. Clones containing 
a poly(A) sequence at the 3'  end have not yet 
been.isolated. The three clones shown in Fig. 
1 all end within 8 bp of one another and 
contain the poly(A) addition sequence, AA- 
TAAAA, at bp 983. O n  the basis of the RNA 
size estimated from Fig. lB,  it appears that 
the clones contain nearly all of the 3' untsans- 
lated region. 

Expression of active PTH-related protein 

Flg. 3. (Top) The 1'TH-related protein espres- 
sion plasmid pCIS2.BKF1.1. The expression plas- 
mid was constructed by using a vector silnilar to 
pF8CIS9080 (29) but with the factor VIII gcnc 
from Cla I to  Hpa I rcmoved. 'The complete 
coding region of BRF.52 was inserted in this 
vector by using the Dra I site near the 3'  end of 
the cDNA clone. A Cla I site was synthesized and 
placed 20 bp 5 '  of the initiating A'TG. The human 
PTH espression plasmid pKKS.I'TH 1.1 was as- 
sembled from a genomic clone containing the 
COOH-terminal coding region and from synthet- 
ic DNA to reconstruct the complete 5' coding 
portion of the processed gcnc (30). The espres- 
sion vector used for I'TH is similar to that above, 
except that ~t lacks the S\'40-dhfr transcription 
unit (31) in pCIS2.BKF1.1 and has some changes 
in the spliced 5' untranslated region of the hybrid 
CMV, immunoglobulin G intron (29). (Bottom) 
Expression of 1'TH-related protcin and 1'TH in 
manlmalian cells. COS-7 monke!? kidney cells 
(32) were cotransfccted with the plasmids dc- 
scribed above and pKSVneo (33) (or ~vi th  
pRSVneo alone) by the calcium phosphate pre- 
cipitation method (34). For 100-mm dishes of 
cells, 5 pg  of PTHrl' or PTH expression plasmid 
and 1 kg  of pRS\'neo were used. After 72 hours, 
10- and 1 0 0 - ~ 1  aliquots of the cell inedi~lm were 
assayed for PTH-like ac tk in  by dctcrrnining the 
stimulation of CAMP levels in UMK106 cells (8). 
Cyclic AMP levels were determined b!. radioim- 
munoassay (Chemicon, International, San Die- 

was achieved by construction of a mamrnali- 
an expression \.ector containing the full- 
length cDNA sequence. Figure 3 shows this 
vector in which a cytomegalovirus promoter 
directs the synthesis of t l ~ e  PTH-related 
protein. This vector uras constructed so that 
the full-length protein would be synthe- 
sized, including its putative prepro se- 
quence. We expect that cleavage of this 
sequence is required for the secretion and 
generation of an active molecule. A vector 
\+,as also constructed for the expression of 
lYrH as a positive control (see Fig. 3 ) .  
When these plasmids were transiently trans- 
fected into COS-7 monkey kidney cells, 

Plasmid PTH 
transfected equivalents ( ~ g i i )  

PTHrP 48 

PTH 260 

go). Activity in the COS-7 supernatants is report- 
ed as M'H eclui\~alents with a human l'TH(1--34) 
standard curve. 

1'TH-like activity could be detected in both 
culture media (Fig. 3, bottom). N o  activic 
was found with a control neomycin gene 
plasmid. PTH-like actilrity was determined 
as a stimulation of  CAMP le~~els  in the 
osteoblast-like cell line UMR106 (8). 

A PTH-related protein has been isolated 
and the active protein expressed from 
recombinant DNA-derived cDNA clones. 
This demonstrates the existence of a previ- 
ously unrecognized PTH-like protein as a 
product of a human lung cancer cell line. 
The properties of this protein (8) are v e v  
si~nilar to  those demonstrated it1 tumor ex- 
tracts from patients with H H M  (9, l o ) ,  and 
it is likely that this protein (pehaps with 
other related factors) has a role in the patho- 
genesis of H H M  syndrome, acting on  kid- 
ney to promote calcium retention and phos- 
phorus and CAMP excretion, o r  on  bone to 
increase resorption, or on  both. The identi- 
fication of this protein provides new insights 
into the pathogenesis of HHLM, and has 
implications for our understanding of nor- 
mal calcium and phosphorus metabolism. 
The protein may be the result of a gene 
duplication of a common ancestor of the 
P T H  gene, as it has clear homology with 
ljTH itself. The homology of the NH2- 
terminal region appears t o  be sufficient to  
explain the interaction of the turnor-derived 
protein with the P T H  receptor. The differ- 
ences in the remainder of the molecule 
explain why most ailtisera have tailed t o  
detect elevated P T H  levels in serum of  pa- 
tients with HHLM syndrome (3). The se- 
quence h o m o l o o  can also explain why, 
with a few antis& used in stud& over the 
past several years, some "PTH" immunore- 
activic has been detected, albeit at low 
levels and nonparallel to  standard I'TH (21 ) . 
Furthermore, -the application of high 
concentrations of P T H  ailtisera has led to  
the conclusion in some immunohisto- 
chemical studies that such tumors d o  pro- 
duce P T H  (22, 23) ,  even when P T H  is not 
detected in the sera of such patients (23). 

The contribution of the PTH-related pro- 
tein t o  the biochemical abnormalities in 
H H M  remains to  be determined, and in- 
deed the relative contribution of the kidney 
and the skeleton to hypercalcemia is the 
subject of debate (3, 4, 24). The high inci- 
dence of elevated nephrogenous CAMP in - - 
nor~nocalcernic patients with lung cancer (5) 
suggests that production of  the protein may 
occur even more commonl\~ than suspected. 
It  will be important to  ~nvestigate the use of 
sensitive assays for this protein in the early 
diagnosis and management of lung cancer. 
Its physiological function could be of con- 
siderable interest, particularly in view, of its 
production by human keratinocytes in cul- 
ture (25). 
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Does the Release of Potassium from Astrocyte 
Endfeet Regulate Cerebral Blood Flow? 

Local increases in neuronal activity within the brain lead to dilation of blood vessels 
and to increased regional cerebral blood flow. Increases in extracellular potassium 
concentration are known to dilate cerebral arterioles. Recent studies have suggested 
that the potassium released by active neurons is transported through astroq~ic  glial 
cells and released from their endfeet onto blood vessels. The results of computer 
sinlulations of potassium dynamics in the brain indicate that the release of potassium 
from astrocyte endfeet raises perivascular potassiun~ concentration much more rapidly 
and to higher levels than does difision of potassium through extracellular space, 
particularly when the site of a potassiun~ increase is some distance from the vessel wall. 
On the basis of this finding, it is proposed that the release of potassium from astrocyte 
endfeet plays an important role in regulating regional cerebral blood flow in response 
to changes in neuronal activity. 

OY AND SHERRINGTON, IN 1890, 
suggested that "the brain possesses 

.an intrinsic mechanism by which its 
vascular supply can be varied locally in cor- 
respondence with local variations of func- 
tional activity" (1, p. 105). Such an intrinsic 
homeostatic mechanism would help to 
maintain an adequate supply of oxygen and 
nutrients to the brain despite widely \laying 
levels of neuronal activity. Although the 
existence of such a regulatory process has 
been established (2-5), the mechanism that 
links neuronal acti1:ity and regional cerebral 
blood flow (rCBF) remains unkno\vn. Inter- 
stitial concentrations of potassium and hy- 
drogen ions, adenosine, and several neuro- 
transmitters vanr with neuronal activity. 
These substances all cause changes in arten- 
ole diameter (6, 7) and have been implicated 
in the regulatioil of rCBF. However, the 
relative importance of each of these factors is 
not kno\vn. 

Extracellular KT  concentration ([I<'],) 
varies widely during periods of neuronal 
activiry and can rise from a quiescent level of 
approximately 3 m M  to a maximum level of 
more than 10 mM (8). Cerebral arteries and 

arterioles (but not capillaries) are extremely 
sensitive to changes in K+ concentration, 
increasing in diameter as much as 50% in 
response to a change in [I<+], from 3 to 10 
mM (9, 10). This sensitivit). to I<' could be 
an important factor in regulating rCBF. 
Potassium released bv active neurons could 
diffise through extracellular space to the 
ablumenal \vall of arterioles and cause arteri- 
ole dilation. The resulting decrease in vascu- 
lar resistance (11) would increase rCBF, 
thus bringing a greater supply of oxygen to 
precisely the region where it is needed, to 
the activated portion of the brain. However, 
arterioles are widely spaced within the brain 
[they are often separated by more than 500 
p,m (12)] and may not necessarily be near 
regions of activated tissue. Thus, the I<' 
released bv active neurons \vould have to 
dilfuse tens or hundreds of micrometers 
before reaching arterioles and effecting dila- 
tlon. 
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