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Northern blot analysis of human lung wimors indicated that the gene, which encodes the subtilisin-like proprotein processing enzyme PCUPCY,

wits highly expressed in almost all cureinoid tumors rested. I smnll cell lung carcinomas (SCLCY), expression varied. Tn non-SCLCS and normal

Tung, o expression was found, Analysis of SCLC cell lines revented thit expression was restricted preferenttally 1o coll Jines of the classical e

n lung wnor colts expressing the PCUPC gene, transeripts of 3 kb und 8 kb were detocted, the S kb mRNA alwayx haing the most abundant

specien, We isalated a ¢cDNA correspoiding to the S kb uman PCI/PCI transetipt, determined the nucleotide sequence of it and deducad the amine

acid sequenee of the corresponding protein, Furthertmore, we conclude that the two PCI/PCA transeripts have ' non<coding regions of different
sze and encwde the same protein.

Subtilistn-like proprotein processing enzyme; PCHRCY; Human lung tumor

. INTRODUCTION

Recontly, the discovery of the coding sequences for
a number of new munvmalian endoproteolytic process-
ing cnzymes was reported [1-8). The enzymes were
named furin [1--3], PC1 [4.7]. PC2 [4.5] and PC3 [6.8].
Two groups independently discovered the coding so-
quences for the same mouse enzvine, As a result, difter-
ont names were assigned. one group called the enzyme
PC1 [4.7], the other named it PC3 [6). To avoid coutu-
sion here, we will refer to this enzvime as PCI/PC3. The
newly diseovered enzymes were demonstrated te exhibit
cleavage specificity tow sites specified by particular se-
quences ol basic amino aeid residues: most frequently
puired binic residves (Lys-Arg or Acg-Arg).

The twrin cnzyme, which can be considered as the
mammakian prototype, is encoded by the fir gene [1]
and was tound widely expressed [9-11} The coding se
quence of the human [3], mouse [10] and rat [123] fur
genes have been fuily characterized and fier-like genes
have been isolated from Drosophita melanogaster, Dfurl
and Dfia2 (13} and Caenorhabditis elegans, bli-d n4l.
Mammalian furin appeared capable to correctly process
the precursor of von Willebrand factor [15.16), B-nerve
growth factor {17], proalbumin [18] and complement
pro-C3 (the third component of comptement) [18]. As
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far as the two other sewly discovered enzymes are cone
cerned. the coding sequences of mouse PCUPC3 [6-8)
and those of human [5] and mouse [4) PC2 have also
been fully characterized. The genes which encode the
PCI/PC3 and PC2 proteins have recently been desig-
nated as NEC1 and NEC, respectively [19]. They scem
1o have an expression pattern that is restricted to endo-
crine and neural tissue [4.6]. PCUPC3 and PC?
appeared capable of correctly cleaving the multifunc-
tional precursor protein proopiomelanocortin, cach mt
distinct pairs of basic residues [20.21). Structurally and
functionally, the three new enzymes cl sely resembls e
prohormone processing enzyme Kex2 which is encoded
by the KEX2 gene of youii Sa harenvces ~erevisine,
Kex2 is a membranc-assecizied. Jat-ieandent, subti-
lisin-like serine endoprotease with a neutral pH op-
timum [22]. In the primary translational product of
KEX2 gene, a number of domains have been defined: a
‘prepro’ domain, a subtilisin-like catalytic domain, a *B*
domain which is critical for catalytic activity, a serine/
threonine-rich region, a transmembrane anchor and a
small cytoplasmic tail [2,23). Similar domains are also
found in furin, except that {urin has no serine/threo:ine-
rich region but a cysteine-rich region just preceding a
presumptive transmembrane domain [11,15]. Using
computer-assisted molecular medelling with data of
known members of the subtilisin-like family of serine
proteases [24]. a model for the catalytic domain of furin
was proposed [15]. The enzymes PC1/PC3 and PC2 »r-
parently lack a serine/threonine- and a cysteine-rich
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region. Furthermore, they also do not possess a car-
boxy-terminul hydrophobic region that could act as a
transmembrane anchor; however, association with
~membranes. wmight.oceur through.tho. curboxy
_amphipathic a-helical structures in
[6]. Altogether, the propertics of th
‘enzymes. support the. presumption:
constitute the fiest representatives of the lot
convertases of precursovs - of  polypeptide  hormones,
neuropoptides, growth: (actors, - membranc-associated
growth factor receptors, plasmn proteins and envelope
glycoproteins of viral puthogens, - 7

While the long mysterious identity of the mummalian
enzymes respongible for: proprotein processing is now
readily being uncovered, it is of interest to cstablish the
degree ol enzyme diversity in this novel and siill snwll
enzyme Tmily, Since some clenvage specificities are still
unnecounted for, discovery of additional members of
this gence mily might be expected. However, some of
the enzyme diversity might also be obtained vin alterna-
tive splicing by which the presence or absence of parti-
Sulur domaing is controlled and enzyme specifications
determined. In Northern blot analysis of newroendo-
vrine tissues, PCU/PC3spevific mRNA species of 3 kb
and § kb {5.8] were detected, apparently with the 3 kb
transetipt as the more abundant one. Similurly, expres-
sion ol the Dfirl gene ol Drosophila melanogaster ve-
vealed transeripts of 4,0, 4.5 and 6.5 kb [13]. Detuiled
analysis of these Dfierl transcripts revenled that the
observed difterences between them were partly due to
alternative splicing which resulted in protein diversity
(Rocbroek et al, in preparation). I this report. we char-
acterize the coding sequences of human PC1/PC3 and
deline the molecular basis for the differences between
the 3 kb and § kb PCI/PC3 transcripts. To accomplish
this, we have fiest searched for human cells that pre-
ferentially expressed the 5 kb transeript off VECL. Sub-
sequently. we isolated and molecularly charactevized a
¢DNA clone corresponding to tuis $ kb huwman NEC
transcript and compared the data to those of a mouse
PCi/PC3 cDNA clone cormaspending to the 2 kb trans-
cript.

cwly discovered

2. MATERIALS AND METHODS

1. Primary bung tnors ad lunge carcinoma cell fives

Lung curcinoma specimens from 24 patients were seleeted trom the
tiles of the Pathology Depariment of the St. Amonius Hospital, Nicu-
wegein, The Netherlands. Specimens wure processed as deseribed
betore {251 Tumors were characterized by routine micruscopical and
histopathological wechniques and classiticd according to the criteria of
the WHO [26] as SCLC (6 cases), carcinoid twmors (5 cases) or non-
SCLC (i3 cases).

The cell lines used in this study were all established human SCLC
cell lines, which have been deseribed before [25]. The SCLC cefl lines
GLC-1 and GLC-1-M13 were obtained trom L. de Leij, and the cell
lines SCLC-16HC, SCLC-16HV, SCLC-21H, and SCLC-22F from
G. Bepler. NL-SCLC3 wos abtained from J. Broers [27]. 2.1t other
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SCLC celt lines (National Cancer Institute series) were obtained from
D.N. Cutney.

2.2, RNA ixolurion and Northern blot anulysis
“Total cellular RNA was isolated fron

Rougeon [28]. 15 g of total RNA was glyoxylated and siz

an recommended by Amersham Corp.), For hybridization on nylon.
membrancs the method of Church and Glibert [29] was used.

2.3, Construction ond screening of o human carcinoid cONA librory

Purified mRNA wan isolated from total RNA of a primary human
carcinold tumor of the lung by oligo{d Th-cellulose aMaity chromatog:
raphy. An oligo{d T)primed cDNA library was consteucted in dgt}l
using u Pharmacin/LKB cDNA synthesis kit. About 150,000 plaques
obtained upon infoction of Excherichia coll Y 1090 were sreenad uning
the 2.6 kb mouse PCI cDNA [6] as a molecular probe, which was
kindly provided by D, Steiner, Chicago, Hybridization experimentson
nitrocellulose membranes were porformad as previousty deseribed
128).

2. Nucleatide sequence analyvis
Nugleotide sequenves were determined acconding to the didvoay

chain termination method using the T7 polymerase soquencing kit of
Pharmacia/LKB. The DNA fragments 10 B soquenced were sabe

12 3 4 5 6 7 8 9
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e _
8.7 ..
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-3 I,
20 T
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Fig. 1. Expression of the PCI/PC3 gene in cells ol normal human lung
and lung tumors. Northern blot analysis was performed with total
RNA (amounts of 1§ ug) isolated from the SCLC celt lines NC1-H249
(lane 1) and NL-SCLC3 (tanc 2), two primary human SCLCs (lancs
3 amd 9). two carcinoid tumors of the lung (lanes Sand 6), (wo primary
non-SCLCs (lancs 7 and 8), or normal human lung {lanc 9). As a
molecular probe, a 2.6 kb mouse PCI/PC3 cDNA was used. Using
intensifying screens, exposure time of X-ray filins was 40 k. The posi-
tions of the wolecular weight markers. MindllI-digested 4 DNA, are
indicated. In control experiments. blots were dehybridized and subsc-
quently hybridized with a hamster actin ¢cDNA probe [25] under sim-
ilar conditions as described above. Exposure time of X-ray films was
20 h. kb, kilobase.
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AAGCGCTTCACTGAGCGCTCGOCGCCACOCAGCCTCTCCTCTCGCRCCTCCTAGCTCT TCACAGAGCAACCAGBAGCCAGGAGTGATC TAGAGCCCGAGGGTGEGAAGGGGGAGTCTGTC 120
TGCTTTTCTCCTATCTTGCTTCTTTTTCCTCT TCCCTTCCCACTCT TGTTCAAGCGAGTGTGTGAGCTATGGAGCGAAGAGCCTGGAGT CTGCAGTGCACTGCTTTCGTCCTCTTTTGE 240

MoERR NG S g s T AR N L E 17
GCTTGGTGTGCACTGAACAGTGCAAAAGCGAAAAGGCAATTTGTCAATGAATGGGCAGCGGAGATCCCCGGGGGCCCGGAAGCAGCCTCGGCCATCGCCGAGGAGCTGGGCTATGACCTT 360
AWCALNSAKABAKROQFVYVYNEMWAARME

L PXBPEAASNTIAEELEYD L 8
TTGGGTCAGATTGGTTCACTTGAAAATCACT ACT TAT TCAAACAT AAAAACCACCCCAGAAGGTCTCRAAGGAGTGOCTTTCATATCACT AAGAGAT TATCTGATGATGATCGTGTGATA 433
LEBERTRSLENHYUFEHERNEERRSBES AEBLETENL &8 B0 R Y T
TGRGCTGAACAACAGTATGAAAAAGARAGAAGT AAACGTT
WAEQQYEKERSKRE

Al

600
137

720
177

ACGAGAACAAACACGGGACCAGATGTGCAGGAGAAATTGCC gﬁ
OeGaT TGGAGT TGCATACAATTCCAAAGT TGRAGGCATAAGAA TGCTGRATGGCAT TGTGACGGATGCTATTGAGGCCAGTTCAATTGGATTCAAT ggg

1080
ik : : 297
GGGAAGGGGTCCATCTTCGTCTGGGCTTCGGGAAACGGGGGGCGTCAGGGAGATMTFGTGACTGTGATGGCTACACAGACAGCATCTACACCATCTCCATCAGCAG GCCTCCCAGCAA 1:252?,

GGCTTTTGAATATGGTGTCAAACAGGGGAGACAG

GZC A_TCC(;CCTGGTACMTGEGAAGTGCTCCTCCACACTGGCCACCTC'IT¢CAGCGGCGGAGATTACA;(CGACC&GAGAATCACGAGCGCTGACCTGCACAATGACTGCACGGAGACG 13%2
C{;‘ACACAGGCACCTgGGCCTCTGCACCTCTGGnC GCTGGCATCTTCGCTCTGGCCCTGGMGCMACCCAMTCTCACCT GGCGAGATATGCAGCACCTGGTTGTCTGGACCTCTGAGTAT 1440
ASAPLANGLF AL WP HE VoV W T

H S8 O I W R DM 417
GACCCGC CAATAACCCT GGATGEAAAAAGAAT GGAGCAGGCTTGATGGTGAATAGTCGA

TTTGGATTTGGC GCTAAATGCCAAAGCTCTGGT!
NS e LN A

GGATTTAGCTGACCCCAGGACC 1560
$ L A D PR T A7

TGGAGGAGCGTGCCTGAGAAGAMGAGTGTGTTGTAAAGGACAATGACTTTGAGCCCAGAGCCCTGAMGCTAATGGAGAAGTTATCATTGAAATTCC
NRSVPEKKECVVKDNDFE

AACAAGAGCTTGTGAAGGACAA 1680
POR K L K & N 6E Wit 1
GAAAATECTATCAAGTCCCTGRAGCATGTACAATTT

! P T R.ACE GQ 49

G AACAA T TGAATAT TCOCGAAGAGGAGACCTTCATGTCACACTTACT TCTGCTGCTGGAACT AGCACTGTGCTCTTEEST 1800

E““I"SLEHVQFEATIEYSRRGDLHVTLTSAAGTSTVLLA 537

GAAAGAGAACGGGATACATCTCCTAATGGCTTTAAGAACTGGGACTTCATGTCTGTTCACACATGGGGAGAGAACCCTATAGGTACTTGGACTTTGAGMTTACAGACATGTCTGGMGA 1920

ERERDTSPNGFKNHDFMSVHTHGENP]GTHTLRITDMSGR 577

AFCSAA‘:‘TG?A%MEN\}TG&GAQCTGBMGCTGAT“ITTGCACGGGACCTCTTCTCAGCCAGAGCATAT
W oK

GAAGCAGCCTCGTGTGTACACGTCCTACAACACTGTTCAGAATGACAGA 2040
L LoH & T 8§08 E H

MKOPRVVTSYNTVQNDR 617
ngAGGGGG IGG:;GAAGATGGTGGATCCAGGGGAGGAGCAGCCCACACMGAGAACCCTAAGGAGAACACCCTGGTGTCCAMAGCCCCAGCAGCAGCAGCGTAGGGGGCCGGAGGGATGAG 2160

KMVDPGEEQPTQENPKENTLVSKSPSSSSVGGRRDE 657
T[GGEGGQGGgﬂGiCC?TgCCSGGECATGCTGCGACTCCTGCAAAGTGCTTTCAGTAAAAACTCACCGCCAAAGCAATCACCAMGMGTCCCCAAGT

MLRLLQSAFSKNSPPKQSPKKSPS

G:AAACTI_CTACGAAGCCCTGGAAAAGCTGAACMACCTTCCCAGCTTAAAGACTCTGMGACAGTCTGTAYMTGACTATGTTGATGTT’ITTTAYMCACTAMCCTTACAAGCACAGA 2400
N YEALEKLNKPSQLKDSEDSLYND

GACGACCGGCTGCTTCAA

VONDENOR YN T K R YK R R 73T
DD R L LQ GCATCEGGIIGGSCA}TCIGAQTG?GGAAME NT_"%A_AATAAGTGTGTGGTCCCAAGTTGGAAATATTCATGCTTCTTCCTTACCCTGCGATFTTGCCTGTGTCTG 2520

753

GCAAAGCTCAACATCCCTTAT 2280
AK LNT PYXY 697

2640
TTGATCATAGGTATTTCAAAACACATCTTTCCTGT CTGCACAAGTGAAGTGTTTTGTTCTTTCT GGAGTCACAGTTGACAAAMGCTCTTACACT ACATTAGAACACTGCATTAGAGCCE

2760
ATTTCAATTCTCAAAAGAAAAGGCAAAACCTGGGATATCAATTAATYTGAAAACATAATcTGCAAAGAATGAGAAGGAGTCAGAAACTGTTTCTGTAGCTTGTTCCCTGTCTTGTCCATG

2880
TGGTTCTTCMATTTTGATGCCAAGAAAGTATTTGGTAGGCCTAATGAAGGAGTTCACTGTAAGACTCATTCCCTAGMcm CTATTCCAAAGTGCCACTCATTCCTGTAGTCAAAATC

3000
=
766 CATGrTGGTCAMAGCTGGATYATTTAGATCTAGAAACAGATCTTGAAATCTGAATGCTCTGGTTTGAGCAATTTTCGAACATTCTTTGCCTGGTGCACTGTGTCTGTGGTGCCAG

3120

T
AGGCG CCGTGGATCCAGAGGTGGTTATGACTCGTGCTGCATGCCTGGTCTTTCCTCTGTTrcrccTTCTGAAAGTTTTCTATACCTGTCTOCT?TCTCAGCCACAAMTAAATGTTGGG 3240

AGAAATGATAT
A“CCACTTTCCCAGAAAAAAAAAAACTT ACACTTGGGACTTGGCAAAT TCCTAGTCACAATTTT T"I’TCAGCAGTAACAGGAAACCACTTATCACATG{;AGACCTAATG 3360
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cloned in the pKUNI9 or pGEM-A2Z{{+) vector and sequenced using
stundard primers and primers synthesized based upon newly obinined
sequences. The sequences were obtuined ftom both strands und
annlyzed using the sequence analysis computer prograns Genepro

{Riverside Scientific), PC/Gene and Intelligenctiey. (ImelliGencties,

Inc.), -

3. RESULTS AND.DISCUSSION

The objective of this study was to charucterize the
coding sequences of the human PC1/PC3 gene, to define
the molecular basis for the observed divergence in size
ol the major mRNA species transcribed from this gene,
and to_evaluate the possible implications of this di-
vergence for the proteins thut might be encoded by the
PCI/PC3 mRN/ .. Expression of the PCI/PCI gene,
which is apparcntly restricted to cells of endocrine and
neural origin, upparently rvesults in two mujor
trunseripts, as hus been reported before [4,6); one of
ubout 3 kb, the other of about § kb, In studies described
sofur, the 3 kb transcript wus very often the most
abundant of the two PCI/PC3 trunscripts. An excep-
tion, in this respect, constituted for example mouse pi-
tuitary corticotroph AtT-20 cells. In these cells, similur
levels of the 3 kb and § kb transcripts were detected in
one study [6]; low levels of the § kb transcript, however,
were reported in another study [4]. The nucleotide se-
quence ol mouse PCH/PC3 ¢DNASs of about 2.5 kb have
been reported by several groups [6-8). These cDNAs
were isolated cither from cDNA libraries of AtT-20 cells
[6.8] or mouse insulinoma (ST3) cells [7]: ST3 cells pre-
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ferentially express the 3 kb transcript. As far as the
¢DNA clones isolated from the AtT-20 cDNA library
are concerned, no conclusion could be drawn as o
which of the two PCI/PC3 transe

tural differences between the two major mRNA pecics -
produced by the PCI/PC3 gene, we searched for n:
cells that preferentially expressed the $ kb transcript.
Therefore, we studied cells of human lung tumors of
different histopathological types by Northern blot anal- -
ysis. We sclocted these cells because some forms of
SCLC and, more in particular, carcinoid tumors of the .
lung ure known to display ncuroendocrine features:
therefore, they might express readily detectable kevels of
PCI/PC3 mRNAs. In Fig. 1, results of Northern blot
unalysis are shown 1o illustrate the levels of the 3 kb and
5 kb transcripts of PCI/PC3. As molecular probe, a
mouse PC1/PCI ¢DNA probe of about 2.6 kb was used
us described in section 2, In the lower part of the figure,
the actin mRNA levels in the various samples are given,
as u control. The results of all Notthern blot experi-
ments are summarized in Table 1 and Table 11, Initially,
studics were performed with a variety of well-defined
cell lines derived trom human small cell lung car-
cinomas (Table 1). Expression of PCI/PC3 transcripts
of' 3 kb und § kb were readily detectable in SCLC cell

TAATAATAGAAAAATACTCATAATAGGGAGAAACCAAGAGAAGT TT TG TTTTTGTTTTT T TCCAACTGTG T TCATTAGAACAGOG TG T TCTAAGTATTTGAMCTGAATGTTTATICCTT 3480
GATACTAAAAGTTCTTCTCCAATCUTATCAC TGATAGTGTCCARAT TC TCACCARAT TRCTCC TAAGC T TCAARTCAGAAGCAGAAACTGGCAGRCCATGRACCT TAATTGTCCCTCAGE 3620
A GATTTTGTTTGATATGCAGAA AT TT TTAAAA TATGAGTGGTTAT TGAAAATATGATG T T TCACA TAAAACCTCATTCTORGARCCATC TTTGC TCATGGCAACASTTAGCTGRAGCT 3720
GAGTAGCAGC TG0 TRAT TAGATRACTC TCAGTCOCCATGAECACCC TGC TCCATR T TACC TAGAGCAGRCAC TTGATTOC TTGE TGGOCAGTATCCAATAGGCATTTGATTTTGOCCACT 3840
CCTACACTAAGCGAATGTGTACARAGTGTAAATGCAT TAGGRARRARCARACTACCCGCATCTTC TGT TAGGCAGGATC TR TACAATAATAATTATGAGTTTGL ™ ATGTAATCTCACE™ 3960
ACCTGGATGATCACTAATACTAATTCATTTATTACTAACC T TCYGGCT TCC T TCTC TCAATATGC T TACARAGTC TCCAGTCACC TACAATGC TGOC T TCTCCCACTGAGTTTGETGTT | 4080
TGCARTTTT TCCATGAAGT TTGAACTTCATAAGGTAAT TCA TGGCAT TGAAC TRG TTCATGAARAGAACAC TAGAGTC TR TCATT TG T TTGGC T TGAAG TATGA  OATAALLSS AT £000
TTCACC TGCTCT IO ACCA T T T AR T T TR TG TAGAGGA TG T T TGCAGAGCAATGOCCGTAATGC TTAGAGAA TG TTC TOC TAAAAGACTTGOGGAATCACTCTGTOCTTGRAAGTITCAT 4320
AT T T AT AT AR TGTTAGATAGAAT TTCCAATAT TGGAGCATATCAARAAGTATTAAAACTAAAAAGGACCAGAGAT TCTTAGATTOG00CGRAAGRCCAATAMGAGTTAG 4340
AN TRAAA A C T AT A G TT TTCCAT TOCCAA TC TAG TG TAGATG TAT AAATC TT TC TT T TGAT TCTTOC TARGAARATATTTTC TGGG TTAAAACCCCAGOCAACTCATTGRGTTGTAGE 2560
CAAAGGTTCACTCTCAAGAAGCTTTAATATT TAAATARAATCATATTGAATG TTTOCAACC TGRAG TATAATATTCAGATATAAAACAGTTTTGTCAGTCTTTCTTAGTGCCTETGTGGA 4680
TTTTTGTGAAAATGTCAAAGAGAAAACT TATATAC TATT TOCC T TGAAR TTTTARACTATATTTTCTTTACAGGTATY TATAATATACCAATGCY 1 TTATCAAACAGAATTTTAAAGAGE 4800
AT AATAAATTATATT AMGAACCAAAAGT T TTCC TGAGAATAAGAAAGTTTCACCCAATAAATAT TTTTGAAAGGCATGTTCCTC TG TCAATGAAAAAAAGTACATGTATGTGTTGTGA 4920
AT AAAAGTGACATTTGTC TAATAGCCTARTACAACATGTAGC TGAGT TTAACATGTGTGATC TTGGTATTC T TAAGRGAACTTCCACATTATACATTTGATGTATTGACCAGAAT 5037

Fig. 2. Nucleotide sequence of the 5 kb transeript of the human PCEPC3 gene and the predicted amino acid sequence of human PCU/PCA.

Numbering of the amino acids and the nucleotides is indicated at the end of cach line. The putative cleavage site for the signal peptide is indicated

by an arrow. The amphipathic a-helical structure in the carboxy-terminus of the deduced PCH/PC3 protein is underlined with a double line. The

predicted subtilisin-like catalytic domain is shaded and essential amino acid residues of its active site are D (167). H (208) and S (382). At position

309, the catalytically important asparagine residue (N} is present. The stop codon is marked with an asterisk. Consensus sequences for N-

glycosylation are NHT (173-175) and NLT (401-403). An RGD sequence is present from amino acid position 518 to 520. Nuclcotide sequences
corresponding to the consensus signals (ATTAAA and AATAAA) for polyadenylation are underlined.
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lincs of the classical type (five out of tive SCLC-C ccll
lines cxpressed PCI/PC3) but ncither of these
transcripts could be detected in most of the SCLC cell
. lines of the. variant. type;.in.seven out of cight SCLC-V

NCI-526 and NL-

PC3 cxpression
xposure ol the X-ray
sted here exhibited a
clent neurod They all expressed the
neuroendocri ypeptides 7B2 und gostrin-releasing
peptide (GRP)[25]. The fuct that the SCLC-C ¢ell lines
expressed PCI/PC3 is in ngreement with saclier sugges-
tions that expression of this gene is restricted to en-
docring and neural tissue [4,6], Furthermore, the lack of
PCl/PC3 expression in most SCLC-V cell lines tested is
in further support of this, since most of them display
only limited neuroendocrine tentures, if any at all; the
loss or ubsence of neuroendocrine features in SCLC-V
cell lines is an established phenomenon [25). Variam
SCLC cell line NCI-H446 scemed to be an cxeeption
since it expressed PCL/PC3 but not the neuroendocrine
markers 7B2 and GRP. 'We do not have a clear explana.
tion for this upparent discrepuncy yet, but we speculute
that SCLC-V cell lines not invariably lose all their neu
rochdocrine features completely, In this context, the
very low:PC1/PC3 expression in the SCLC-V cell lines
NCI-H526 and NL-SCLC2 might be explained in o
similar manner, since NCI-HS526 docs express 782 but
not GRP [25). Finally, it is important to note here that
ol the two PC1/PC3 transcripts the onc of § kb was the
more abundant onc in the SCLC-C celk lines. This is in
contrast with results of PCI/PC3 expression studics in
which other cell types were used [4.6.8].

Table 1
Expression of the PCL/PCI gene in human tung carcinoma velk lines

Lung cancer cells Clussification PCHICY expression
GLC-1-M13 SCLC-C +
SCLC2iH SCTLCC +
SCLC22H SCLC.C +
SCLC-16C SCLC.C +
NCL.H249 SCLC.C +
GLC.1 SCLC-V -
SCLCsV SCLC-V -
NCL-HS2 SCLC-v -
NCL-N41? SCLC-v -
NCI-H529 SCLC-V -
NCI-H526 SCLC-v ~(*)
NCL-Hdad6 SCLC-V +
NL-SCLC3 SCLC-V -(*)

+ Compares to expression levels of PCI/PCY mRNAs as in Fig.
1, lane 1,

— No expression of PCI/PC3 gene, even not afier prolonged cx-
posure of the X-ray films.

(*) After prolonged (120 h) exposure of Xeray films a weak signal
comparable to that in Fig. 1. lane 2. became vi:ible.
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We also studied the PCI/PC3 expression pattern in
prithary tumors of the lung (Table 11). Six primary
SCLCs, five carcinoid tumors of the tung and thirteen
non-SCLCs were analyzed. OF the Iatter category, six
tumors were clussified us adenocarcinomas and seven us
squamous cell carcinomas. In two of the primary
SCLCs, PC1/PC3 expression was much higher than in -
the SCLC-C cell lines tested (for example, compare in
Fig. 1, lanes 1 and 3). In two other SCLC tumor
samples, PCI/PC3 - expression appearcd barely de-
tectable. Finally, in two of the primary SCLCs, no PC1/
PCJ expression could be demonstrated, not even upon
prolonged exposure of the X-ray films. In contrast, four
of the five carcinoid tumors -of the lung appeared to
cxhibit very high levels of PCI/PC) expression. In the
fifth one, expression was lower but still comparable to
the levels observed in the SCLC-C cell lines. All primary
non-SCLCs were negative for PCI/PC expression.
Like in the SCLC-C cell lines, both the 3 kb and § kb
PCU/PC3 transcripts were expressed in primary SCLCs
and carcinoid tumors of the lung, with the § kb mRNA
mways the more abundant,

Based upon the results of the expression studies, a
primary carcinoid tumor of the lung was selected as
MR NA source for experiments to obtain cDNAs corre-
sponding to the 5 kb PC1/PC3 transcript. Using mRNA
isolated from such a carcinoid tumor of the tung (tumor
10605), a ¢cDNA library in 4gtll was constructed as
described in section 2, Screening of about 150,000 pla-
ques of this library with the 2.6 kb mouse PCI/PC3
¢DNA probe resulted in the identification of about 50
positive bacteriophage clones. From these, clones were
selected that hybridized to the § half as well as to the
3 half of the mouse PCUPC3 cDNA of 2.6 kb. Six
clones were identiticd on the basis of these selection
criteria. They were plaque-purified and  designated
AIC1-AIC6. Upon isolation of DNA from these bacte-
riophage stocks. the insert DNAs were studied by

Tabdle 1T
Expression ol the PCIPCS gene in arintary auwman lung tumors

Primary tumors Twnors Lewels ol PCUPCY

tested exprossion

R o .

SCLCs G 4 20 2 2
non-SCLCs
~ adenocarcinomas o 0 0 0 6
« squamous cell carcinomas 1 0 o 0o o 7
Carcinoid tumors 5 0 1 0 o

++++ Compzres to expression levels of PCI/PC3I mRNAs as in Fig.
1, tanes 5 and 6.

++ Compares to expression levels of PCI/PC3 mRNAs as in Fig. §.
lane 3.

+ Compares to expression levels of PCI/PC3 mRNAS as in Fig. 1.
lane 1,

- No expression of the PCI/PC3 gene.
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Fig. X, Schemanic represontntion of the humnh"s kb and the mouse 3 kb transcripts of the PC1/PC3 gone and the corresponding deduced PCIII’CJ

proteins, The coding reglons are represcnted us hoxes in which the various domains are Indicated. Corresponding regions In both proteiny are

connected by dotted lines and percentuges of umino ncid sequence similarity ure given, The carboxy-terminal amphipathic 2-hefical structures (AHS)
are indicated s bluck boxes, Polyndenylation sites found in mouse PCI/PCH wransceipls [7] are indicated by arrows. Ch

restriction enzyme analysis, AJC6 was selected for fur-
ther studics, becuuse it contuined the lurgest insent,
Restriction enzyme analysis revealed that the insert of
AJCS contuined three internal EcoRl sites; the four
EcoR1 fragments were subcloned in pKUNI9 or
pGEM-3Z{(+) and the nucleotide sequence of these
DNAs was determined. The order and orientation of
the four EcoR|1 fragments could be established by direct
sequencing of the phage insert DNA. The nucleotide
sequence data are shown in Fig. 2. The PCI/PC3 ¢DNA
insert of AJC6 appeared to be S037 nucleotides long, As
it contuined no polydA-tail, the corresponding truns-
cript is presumably still a few hundred bases larger,
including the poly(A)-tail. Analysis of the nucleotide
sequence revealed an open reading frame for a protein
of 753 amino acid residues: exactly the smme number of
residues as the protein deduced from the 3 kb mouse
PC1/PC3 mRNA (7: sce also 6,8) and with similar pro-
tein domains. In Fig. 3, we have indicated the *prepro”.
catalytic and middle domain and the amphipathic a-
helical structure (AHS). Overall amino acid sequence
similarity between the predicted human and mouse
PCI1/PC3 proteins is ubout 92%. In the *prepio’ domain,
the subtilisin-like catalytic domain, the middle domain
and the remaining carboxy-terminal domain, the per-
centages are §9%, 98%, 25% and 80%, respectively (Fig.
3). The subtilisin-like domain of human PC1/PC3 con-
tains five cysteine residucs which are conserved in
human furin and the prohormone processing cnzymes
cncoded by the KEX1 gene of Kluvveronyees lactis and
the KEX2 gene of Saccharomyees cerevisiae. In earlier
computer-assisted molecutar modelling studies, we have
proposed a 3D model for human furin and the two
yeast-processing enzymes and suggested that in furin
two disulphide bridges may be formed and in the yeast
enzymes three [15]). Based upon the sequence data pre-
sented here, we also predict two such disulphide bonds
in human PCY/PC3. In contrast to the predicted amino
acid sequence of mouse PC1/PC3 which contains three
botential sites for N-glycosylation [6-8), that of human
PC1/PC3 contains only two such potential sites. Both
of these, NHT (173-175) and NLT (401-403) (Fig. 2).
are located in the subtilisin-like catalytic domain. Like
in mouse PC1/PC3 [6-8], human and mouse PC2 [4.5].

human {3.11]. mouse [10] and rat furin [12), the tripep-
lide consensus -recognition sequence RGD, which is
found in a number of extracellular matrix protcins and
scems implicated in cell adhesion, is present in human
PCI1/PC3 at amino acid positions 518 to 520, The RGD
sequence is not found in the two yeas: processing en-
zymes,

In summary, we conclude from our studies that trans-
cription of the human PC1/PC3 gene in lung tumor cells
with neuroendocrine features results in the generation
of two muajor transcripts; one of 3 kb und one of S kb,
with a preference for the 3 kb spucies. Taking into ac-
count the published nucleotide sequence data of the 3
kb transcript of mouse PCIPC3 and the nucleotide
sequence data of human PCI/PC3 presented here, we
conclude that the molecular basis for the size difference
between the two PCL/PC3 mRNAs in both mammals is
duc to ditferences in the length of the 3* untranslated
region and that both the 3 kb and 5 kb PCY/PC3 trans-
cripts encode the same protein, Thus, the divergence
observed in transcription of the PCI/PC3 gene does not
generate a diversity in PCHE/PC3 proprotein processing
cnzymes. Assuming that the genes for human and
mouse PCH/PC3 are single copy genes [7). the 3 kb and
5 kb wranscripts likely originate from the same gene.
@RNAs transcribed troea the same gene and vacying ia
size due to divergence in length of their 3' untranslated
region arc not unvsua!l and coutd affes mRNA stasility
in a positive way; it is conceivable tuat the ingner levels
of the 5 kb transcript in the human lung tumor cells as
compared to the 3 kb species should be attributed to
this, at lcast in part. Analysis of the rates according to
which both transcripts are synthesized could be instru-
mental in resolving this matter more conclusively.
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