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We have cloned a new insulin-like growth factors binding protein (IGFBP) 
from a human osteosarcoma cDNA library. Two conserved regions in the 
COOH-terminal third of the five known human IGFBPs were used to design primers 
and to perform polymerase chain reaction (PCR) with osteosarcoma cDNA as a 
template. One of the eight PCR products encoded a unique IGFBP sequence. The 
DNA sequence was used to synthesize probes to screen an osteosarcoma cDNA 
library and isolate full length cDNA clones. The amino acid sequence was 
deduced from one of them. It contains two possible signal peptidase cleavage 
sites yielding a mature molecule of 257 or 252 amino acids, and 18 cysteines 
in identical positions to the other IGFBPs. The most pronounced homology 
exists with human IGFBP-3 (50 % in the NH2- and 45 % in the COOH-terminal 
region). 0 1991 Academic Press, Inc. 

Insulin-like growth factors (IGF) occur in serum and other biological 

fluids complexed with specific high-affinity binding proteins (BPS) (1,2). The 

biological role of these proteins is still undetermined. They have been found 

to inhibit (3,4,5,6,7) as well as to stimulate (6,8,9) IGF actions. The most 

abundant IGFBP of human serum, termed IGFBP-3 (lo), has been purified by 

Martin and Baxter (11) and its amino acid sequence has been derived from a 

cDNA cloned from human liver (12). In addition to BP-3 and a COOH-terminal 

truncated BP-3 we have recently purified four other BPS from human serum and 

obtained their NH2-terminal amino acid sequences (13,14). Two of these 

proteins have identical NH2-termini and differ only by the presence of an 

N-glycosyl residue. The complete amino acid sequences of these serum IGFBPs 

have been derived from their cDNAs which have been cloned from HepG2 hepatoma 

and from osteosarcoma cDNA libraries (13,14). The amino acid sequences of all 

known human IGFBPs show a high degree of homology within their NH2- and 

COOH-terminal thirds (14). Two conserved regions in the COOH-termini of the 
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Abbreviations: IGF, insulin-like growth factor; BP, binding protein; PCR, 
polymerase chain reaction; SDS, sodium dodecyl sulfate. 
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known IGFBPs were used to construct primers, perform PCR with osteosarcoma 

cDNA as a template, and to screen the osteosarcoma cDNA library with a probe 

synthesized according to a unique sequence of one of the PCR products. 

Thereby, a new, sixth IGFBP was discovered. 

MATERIALS AND METHODS 

Tissues - Human osteosarcoma tissue was obtained from Dr. Marshall Urist 
(University of California, Los Angeles). 
RNA isolation - RNA was isolated by the guanidinium thiocyanate method (15) 
with modifications (16). Poly(A)+RNA was purified by a single fractionation 
over oligo (dT)-cellulose (17). 
Oligonucleotide synthesis - Oligonucleotide adaptors, probes, and primers were 
synthesized by the phosphoramidite method with an Applied Biosystems model 
38DA synthesizer, purified by polyacrylamide gel electrophoresis (PAGE) and 
desalted on Sep-Pak CI8 cartridges (Waters, Milford, MA). 

A 14-mer oligonucleotide (5' CCTGTAGATCTCCG 3') and a 18-mer 
oligonucleotide (5' AATTCGGAGATCTACAGG 3') were synthesized and used as the 
EcoRI adaptors for the cDNA library constructed in JZAP II. The 14-mer was 
phosphorylated (18), then immediately heated to 95' C for 15 min to inactivate 
the polynucleotide kinase. The adaptors also contain an internal Bgl II site. 

The two consensus PCR primers used to identify BP-6 were a sense primer 
consisting of a mixture of 32 24-mers (5' AGATCTGAATTCGCCXAAc/TTGC/TA/GA 3') 
and an antisense primer consisting of a mixture of 16 25-mers 
(5' AGATCTAAGCTTCXACA/GCACCAA/GCA 3') where X denotes all four deoxynucleo- 
tides. EcoRI and Hind III sites were included in the sense and antisense 
primers, respectively, to allow for subcloning of the PCR products into Ml3 
sequencing vectors. The BP-6 probes used to screen the cDNA library were two 
19-mers, (5' GCAAAGGATTCTACAAGAG 3') and (5' CAAACCTTCCCGTGGCCGC 3'). 
PCR Amplification - The PCR reactions were performed with the PCR kit (Perkin 
Elmer Cetus) according to the instructions of the supplier using the PCR 
primers described above at a final concentration of 8 uM. The template cDNA 
was synthesized from 2.5 ug of human osteosarcoma (Ost.2) poly(A)'RNA. The 
conditions of cDNA synthesis were identical to those for first strand cDNA 
synthesis (see construction of cDNA library). The cDNA was fractionated on 
Biogel A-15m, recovered by ethanol precipitation and resuspended in 100 l~l of 
sterile water. 1 ul of cDNA template was used for the PCR reaction. 35 cycles 
of PCR were performed in a Perkin Elmer Cetus DNA thermal cycler. The first 10 
cycles consisted of a 94' C, 1 min denaturation step, a 33O C, 1 min annealing 
step and a 33' C, 1 min extension step. The next 25 cycles consisted of a 
94' C, 1 min denaturation step, a 55' C, 1 min annealing step and a 72' C, 
1 min extension step. The final extension step of the last cycle was 7 min. 
The sample was extracted once with phenol/chloroform/isoamylalcohol 
(1:1:0.04), once with chloroform/isoamylalcohol (24:1), and recovered by 

ethanol precipitation. The PCR DNA product was them incubated for 20 min at 
37O C with 10 units of DNA polymerase I, Klenow fragment in 10 mM Tris-HCl 
ph 7.5, 10 mM MgCl2, 50 mM NaCl, 1 mM dethiothreitol and 40 uM each of dATP, 
dGTP, dTTP and dCTP. The sample was extracted as above, recovered by ethanol 
precipitation, digested with EcoRI and Hind III, and fractionated by 
electrophoresis on a 7 % acrylamide, 1xTBE (Tris/borate/EDTA) gel. DNA 
migrating between 80-100 base pairs was excised from the gel, passively eluted 
for 16 h with gentle shaking in 10 mM Tris-HCl ph 7.5, 1 mM EDTA, purified by 
passage over an elutip-D column as described by the supplier (Schleicher and 
Schuell), ligated to an EcoRI- and Hind III-cut Ml3 sequencing vector (mpl8) 
and introduced into E. coli strain DH5aF'. 
Construction of the cDNA library - AAZAP II human osteosarcoma cDNA library 
was constructed from human osteosarcoma poly(A)+RNA as described (13). A 
library of 1.75~10~ independent recombinant clones was obtained. 
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Screening of the cDNA library - Approximately 300'000 recombinant phages from 
the Ost4 cDNA library were olated (50'000 ohaqes/l37 mm diameter elate) in E. 
coli BB4 and grown for 5-6 hours at 37' C. The phages were transferred'onto 
nitrocellulose filters (Millipore, HATF 137), processed (19) and screened with 
the two BP-6 probes. The probes were labeled with T4 polynucleotide kinase and 
[ ti3*P] ATP (18) to a specific activity of 1-2x10* cpm/ug. The filters were 
prehybridized for l-2 h at 37" C as described (13). Labeled probe was added to 
a concentration of 106 cpm/ml and hybridization was continued overnight at 
37' C with gentle shaking. The filters were washed in 2 x SCC (1 x SSC = 0.15 
M sodium chloride/O.015 M sodium citrate, pH 7), 0.1 % SDS at 50° C and 
exposed overnight at -80° C to Kodak XAR-2 films with a DuPont Lightning Plus 
intensifying screen. Areas of plaques giving duplicate signals were picked, 
replicated and rescreened until pure plaques were obtained. 
Plasmid isolation, subcloning and sequencing - Bluescript SK(-) plasmids 
containing BP-6 cDNA inserts were released fromAZAP by the Ml3 
rescue/excision protocol described by the supplier (Stratagene). Plasmid DNA 
was isolated by the alkaline lysis method (18). The inserts were excised from 
the Bluescript SK(-) vector by 8gl II digestion and fractionated by agarose 
gel electrophoresis. Inserts were cut out from the gel and eluted for 12 h 
with gentle shaking in 10 mM Tris-HCl pH 7.5, 1 mM EDTA (TE), purified over an 
elutip-D column (see above) and subcloned into a Ml3 sequencing vector (20). 
DNA sequencing was performed by the dideoxy chain termination method (21) 
using Ml3 primers as well as specific internal primers. Ambiguous regions were 
resolved using 7-deaza-2-deoxyguanosine- triphosphate (22) and Sequenase (US 
Biochemicals). 
Northern blot. analysis - Poly(A)'RNA was fractionated on 1.4 % agarose gel in 
the oresence of formaldehvde f23). transferred directly to nitrocellulose. and 
processed as described (24). Filters were hybridized wqth the purified cDNA 
insert of BP-6.1 as described above (screening of cDNA library). The filters 
were washed twice for 20 min in 0.1 x SSC, 0.1 % SDS at 65O C. The cDNA probes 
were labeled as described (24) to a specific activity of 2~10~ cpm/mg. 

RESULTS AND DISCUSSION 

Identification and Cloning of BP-6 - An amino acid sequence comparison of the 

five known human IGFBPs (14) reveals a high degree of homology in the NH2- and 

the COOH-terminal regions. The longest stretch of identical amino acids in all 

five BPS resides in two areas of the COOH-terminal region and consists of 

three amino acids Pro-Asn-Cys and four amino acids Cys-Trp-Cys-Val. These 

conserved amino acids fall within a region of the BPS that has been shown to 

be homologous to 10 repeats within the NH2-terminal two thirds of the human 

thyroglobulin molecule (14). 

In an attempt to identify new BPS, degenerate primers were designed based on 

these sequences and PCR was performed using human osteosarcoma cDNA as a 

template. DNA sequence analysis of the eight PCR products yielded one sequence 

identical to BP-2, three sequences identical to BP-4, three sequences 

identical to BP-5 and one unique sequence, tentatively termed BP-6. The BP-6 

PCR product shows a 60 % DNA sequence identity and a 76 % amino acid sequence 

identity to BP-3. Based on the PCR DNA sequence of BP-6, two unique BP-6 DNA 

probes were synthesized and used to screen aJZAP II human osteosarcoma cDNA 

library. From the 300'000 recombinant clones screened, twelve clones were 

identified which hybridized to both probes. Five clones were further purified 
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G/E S S G G GE 
I 1 3.8 kbt- 

BP6-12 1 3.8 kb i------ 

I J 

0.5 kb 

Fig. 1. Restriction endocuclease map of clones BP-6.1 and BP-6.12 
Sequences were obtained by using Ml3 primers and specific internal primers. 
Arrows indicate the direction and extent of individual sequencing runs. The 
NH2-terminal signal sequence is represented by a hatched box and the mature 
protein by an open rectangular box. 
Restriction endonucleases are abbreviated as follows: S, Sac II; G, Bgl II; E, 
EcoRI. The 3'end of BP-6.12 between G/E and G has not been sequenced. 

and the cDNA inserts were analyzed by 8gl II and EcoRI restriction enzyme 

digestion and agarose gel electrophoresis. The cDNAs fell into two size 

classes of -1.7 kb and -6 kb, which are exemplified by clones 1 and 12, 

respectively (fig. 1). 

Expression of BP-6 mRNA - Northern blot analysis of several different tissues 

using j2P-labeled clone 1 CONA, confirmed that these two size classes of BP-6 

mRNA exist (results not shown) and that osteosarcoma tissue synthesizes BP-6 

mRNA. Other tissues analyzed (liver, kidney, brain) produced BP-6 mRNA 

transcripts, but at lower levels. 

Sequence analysis of BP-6 - BP-6 clone 1 (BP-6.1) cDNA has been sequenced and 

is shown in fig. 2 with the deduced amino acid sequence. The NH2-terminal 

hydrophobic region of the encoded BP-6 molecule has two acceptable signal 

peptidase cleavage sites (+) (25) following amino acids 15 and 20, 

respectively, and yielding mature molecules of 257 or 252 amino acids with a 

Mr of 29'017 or 28'577. There are no N-glycosylation sites on the encoded BP-6 

protein. BP-6 contains 18 cysteine residues all of which coincide with 

cysteine residues in BP-l-5. There is a high degree of amino acid homology 

between BP-6 and the other five BPS, which is most pronounced in the NH2- and 

the COOH-terminal regions of the molecules. 

For amino acid sequence comparison, the BPS can be divided into three 

domains (fig. 3). Domain I contains the NH2-terminal region of the 8P 

molecules (the first 75-95 amino acids) and is defined by 12 conserved 

cysteine residues (10 in the case of BP-4). In this region BP-6 is most 

similar to BP-3 (50 % identity). Domain II spans the middle region of the BP 
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1 CTCTCCTGCCCCACCCCGAGGTAAAGGGGGCGACTAAGAGAAG 
+ 1MetValLeuLeu Thr AlaVal Leu LeuLeu Leu Ala Ala Tyrtia Gly Pro Ala 

44 AlG GTG,TTG CTC ACC GCG GTC CTC CT'S CTG CTG GCC GCC TAT GCG GGG CCG GCC 

19 Gln w Ser Leu Gly Se.r Phe Val His cys Glu Pro cys Asp Glu Lys Ala Leu Ser 
98 CAG AGC CTG GGC TCC TTC G!L"G CAC TGC GAG CCC TGC GAC GAG MA GCC CTC TCC 

37 Met cys Pro Pro Ser Pro Leu Gly cys Glu Leu Val Lys Glu Pro Gly cys Gly 
152 ATG TGC CCC CCC AGC CCC CTG GGC 'XC GAG CTG GTC AAG GAG CCG GGC TGC GGC 

55 cys cys Met Thr Cys Ala Leu Ala Glu Gly Gln Ser Cys Gly Val Tyr Thr Glu 
206 'XC TGC ATG ACC TGC GCC CTG GCC GAG GGG CAG TCG TGC GGC GTC TAC ACC GAG 

73 Arg Cys Ala Gln Gly Leu Arg cys Leu Pro Arg Gin Asp Glu Glu Lys Pro Leu 
260 CGC !KC GCC CAG GGG CTG CGC !lKX! CTC CCC CGG CAG GAC GAG GAG AAG CCG CTG 

91 His Ala Leu Leu His Gly Arg Gly Val Cys Leu Asn Glu Lys Ser Tyr Arg Glu 
314 CAC GCC CTG CTG CAC GGC CGC GGG GTT TGC CTC mC GAA AAG AGC TAC CGC GAG 

109 Gln Val Lys Ile Glu Arg Asp Ser Arg Glu His Glu Glu Pro Thr Thr Ser Glu 
368 CAA GTC AAG ATC GAG AGA GAC TCC CGT GAG CAC GAG GAG CCC ACC ACC TCT GAG 

127 Met Ala Glu Glu Thr Tyr Ser Pro Lys Ile Phe Arg Pro Lys His Thr Arg Ile 
422 ATG GCC GAG GAG ACC TAC TCC CCC AAG ATC TTC CGG CCC AAA CAC ACC CGC ATC 

145 Ser Glu Leu Lys Ala Glu Ala Val Lys Lys Asp Arg Arg Lys Lys Leu Thr Gln 
416 TCC GAG CTG AAG GCT GAA GCX GTG AAG AAG GAC CGC AGA AAG AAG CTG ACC CAG 

163 Ser Lys Phe Val Gly Gly Ala Glu Asn Thr Ala His Pro Arg Ile Ile Ser Ala 
530 TCC A%G TTT GTC GGG GGA GCC GAG AAC ACT GCC CAC CCC CGG ATC ATC TCT GCA 

181 Pro Glu Met Arg Gln Glu Ser Glu Gln Gly Pro Cys Arg Arg His Met Glu Ala 
584 CCT GAG ATG AGA CAG GAG TCT GAG CAG GGC CCC TGC CGC AGA CAC ATG GAG GCT 

199 Ser Leu Gin Glu Leu Lys Ala Sex- Pro Arg Met Val Pro Arg Ala Val Tyr Leu 
638 TCC CTG CAG GAG CTC IGA GCC AGC CC3 CGC AT'S GTG CCC CGT GCT GTG TAC CTG 

217 Pro Asn cys Asp Arg Lys Gly Phe Tyr Lys Arg Lys Gln Cys Lys Pro Ser Arg 
692 CCC AAT TGT GAC CGC AAA GGA TTC TAC AAG AGA AAG CAG TGC AAA CCT TCC CGT 

235 Gly Arg Lys Arg Gly Ile cys Trp cys Val Asp Lys Tyr Gly Met Lys Leu Pro 
746 GGC CGC RAG CGT GGC ATC TGC 'IGG TGC GTG GAC AAG TAC GGG ATG AAG CTG CCA 

253 Gly Met Glu Tyr Val Asp Gly Asp Phe Gln Cys His Thr Phe Asp Ser Ser Asn 
800 'XC ATG GAG TAC GTT GAC GGG GAC TTT CAG TGC CAC ACC TTC GAC AGC AGC AAC 

271 Val Glu OP 
854 GTT GAG TGA ~CGTCCCCCCC~CCTTTCCCT~CCCCCTCC~CCCC~GCCCCGACTC~GC~G 
922 CG~~T~~~TC~~~~~A~~G~~A~T~TTT~T~T~TTT~G~~TATATAT~TAT~TATTTGA 
993 GGAAA~TGAGGA~~T~~T~T~TAG~AAGGG~T~JNTT~GAAAATGG~AA~AA~AGAGATG~AAAAAG 

1064 CT~GA~CCCCCCCCCTTT~~TTTTCTTTTTGAGG~GT~A~~~GAG~G~~GAG 
1135 A~~G~CGAGAGG~GAG~GGG~~~G~TTTG~TAG~GAGAGAG~GACG~TAGAGTTAGG 
1206 AAAAGGAAGAcAAGcAGGTGGGcAGGAAGGACA!EcACCGAGACcAGGcAGGGGCCcAACTTTCACGTCcA 
1271 GCCC~GCC~TC~GAGG~~CTAG~GATG~GCC~GGATG~GC~T~~A~CTAT 
1348 !KGGGTTTCCCAGGATGGATTGGTcAGGGGGAGAAAGGAAAAGGcAAAAcACTCcAGGACCTCTCCC~AT 
1419 C~TCTCC~C~TAGC~G~GTA~A~GC~ACCCC~~CTTCCTCTCCTCTTACC~~~GAG 
1490 TGTTGTCTCTCCC~TTTATAUAACTUAATGCATTCCATTCCTCTGAAAGCAAAACAAATTCATAAT 
1561 TGAGTGATATTAAATAGAGAGGTTTTCKAAG-GATCTGXMTATGAAAT 

Fig. 2. cDNA and derived amino acid sequence of human IGFBP-6. 
The amino acid sequence is given in the three letter code above the nucleotide 
sequence. The possible NH2-terminal signal peptidase cleavage sites are shown 
by arrows. 

molecules (the following 56-93 amino acids) and is characterized by its lack 

of cysteine residues (except BP-5, which contains 2). This region displays 

little homology between all of the 6Ps including BP-6. Domain III consists of 

the COOH-terminal region of the BP molecules (80-101 amino acids) and is also 

homologous to 10 repeats found in the NH2-terminus of the thyroglobulin 

molecule, to a gastrointestinal tumor-associated antigen and to the invariant 

chain of the class II histocompatibility (MHC) antigen (14). This region is 

characterized by its 6 invariant cysteine residues and displays considerable 
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MSEVPVARVWLVLLLLTVQVGVTAG---------------&PWQ 

48 

AEKL -ppTJS-----w---v---A E--VTRS-A- 
MLPRVGCPALPLPPPPLLPPLPLLLLLLGASGGGGGARAEJLF PERL PPPVAPPAAVAAVAGGARM E-LV-REP-- 
MQRARPTLWAAALTLLVLLRGPPVARA-CASSGGLG----PW ARAL ppp---------------A E-LV-REP-- 
MTPHR-----LLPPLLLLL-----ALLLAAS-PG-GALA---- QGVQ ~~~~~~-~~-~~~-~~~~- EEEDGGSPAE 
MLP--LCLVAA---LLLAA-GP------GPS---LG---&EAIH EEKL -pplJ(+------------- EELV-REP-- 
M----------VLL--TAV--LLLLAAYAgPAQSLG----SFVH EKAL pSpLGm----m--m-m--- E-LV-KEP-- 

QESDAS--------APHA---AEAG----SPESPESTEITEEELL-DN- 
KRRDAEYGASPEQVADNGDDH-SEGGLVENHVDSTMNMLGGGGSAGRKP 

ASAVSRLRAYLLPAPPAPGNASESEEDRSAGSVESPSVSSTHRVSDPK 
VAEENPKESKP--QAGTARPQDVNRRDQQRNPGTSTTP-SQPN 
IEA-I-QESLQPSDKDEGDHPNNSFSF@AHDRp@---LQKH 
EQVKIERDSREHEEPTT-SEMAEE---TYSP---KIFRPKHTR 

IELYRWESLAKAQETSGEEIS-KFY---LP KNGFYHSR 
LKSGMKELAVFREKVTEQHRQMGKGGKHHLGLEEP--KKLRPPPART QELDQVLERISTMRLPDERGPLEHLYSLHIP KHGLYNLK 
FHPLHSKIIIIKKGHAKDSQRYKVDYESQSTDTQNFSSESKRETEYG REMEDTLNHLKFLNVLSPRGV-------HIP KKGFYKKK 
SAGVQD--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -TEMG RHLDSVLQQLQTEVY---RGA-QTLY---VP HRGFYRKR 
FAKIR------------DRSTS--GGK--MKVNGAPREDARPVP-QG SELHRALERLAASQ--S-R-THEDLYIIPIP RNGNFHPK 
ISELKAEAVKKDRRKKLTQSKFVGGAENTAHPRIISAPEMRQESEQG RHMEASLQELKA----SPRMVPFU,VYL---P RKGFYKRK 

. 

ETSMDGEAG PWNGKRIPG-SPEIRGDP 
PNTG-KLIQGAPTIRGDP LFYNEQQEARGVHTQRMQ* 

RPSKGRKRG KY-GQPLPGYTTKGKEDV 
RN-GKSLPG-SPDGNGSS 
RKTGVKLPG-GLEPKGEL 
KY-GMKLPG-MEYVDGDF TFDSSNVE* 

Fig. 3. Comparison of the amino acid sequences of the 6 human IGFBPs. 
Sequences have been aligned such as to give maximal homology. Cysteine 
residues are boxed. The first amino acid of the mature proteins is underlined. 
For comparison of homologies the sequences are divided into three domains (see 
text) as indicated by vertical arrows. Dots indicate identical amino acid 
positions shared by all six IGFBPs. Horizontal arrows indicate two consensus 
regions that were used to construct PCR primers. The amino acid sequences for 
BP-l to BP-5 are taken from the following references: BP-1 from ref. 26, BP-Z 
from ref. 13, BP-3 from ref. 12, BP-4 and -5 from ref. 14. A sequence 
identical to that of our BP-5 has recently been published by Shimasaki et al(29). 

homology between the six BPS. BP-6 is most similar again to BP-3 in this 

domain (45 % sequence identity). 

So far, all of the IGFBP bands identified by Western ligand blotting of human 

sera (26,27) have been assigned to one of the known IGFBPs (13,14). During 

HPLC purification of affinity-purified adult human serum we have not found 

IGFBP-1 which is a typical constituent of fetal human serum, nor have we 

detected a band that might correspond to BP-6 (13,14). We are presently trying 

to express BP-6 in yeast and to produce polyclonal antibodies. These will 

finally allow to screen normal and pathological human sera as well as other 

biological fluids and culture media from human cells for BP-6 and to see 

whether it is a normal member of the IGFBP family or a BP typical of tumor cells. 
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