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Human insulin receptor substrate-1 (hIRS-1) cDNAs were cloned from a AGT11
expression library using a monoclonal antibody (MAb) produced against a human hepatocellular
carcinoma (HCC) celi line (FOCUS). The predicted amino acid sequence derived from both a
genomic DNA fragment and the cDNAs showed a 90.5% identity to the previously reported rat
IRS-1 cDNA [Sun, X.P. (1991) Nature 352, 73-77]. Multiple potential phosphorylation
sites, that suggest an intrinsic function of this molecule in response to insulin action, were
highly conserved between the two species. A c.a. 180 kDa hIRS-1 protein was
immunoprecipitated and found to be phosphorylated on tyrosine residue(s) following insulin
stimulation of HuH-7 HCC cells. Northern blot analysis demonstrated a single c.a. 5 kb
transcript in HCC cell lines and tissues. Higher levels of hIRS-1 gene transcripts were
observed in HCC tumors compared to adjacent non-involved normal liver. e 1992 acadenic

Press, Inc.

A recent study has shown that the rat IRS-1 cDNA (1) encodes a pp 185 protein which is
believed to be the major specific cellular substrate for insulin receptor tyrosine kinase (2). 1t
is noteworthy that the structure of the rat IRS-1 revealed a unique molecule containing
multiple phosphorylation sites including nine potential tyrosine phosphorylation YMXM and
YXXM motifs (1). It has been suggested that these motifs following phosphorytation, bind to
molecules containing the Src-homology domains 2 and 3 (SH2/8H3) (3). Thus, the IRS-1
molecule has been proposed to be a multi-site "docking” protein and therefore may be one of the
main target molecules for insulin action within the cell and may play a role in intraceliular
signaling pathways (1). Here we show the molecular characteristics of the proposed human
form of the protein and demonstrate after insulin stimulation of HCC cells tyrosine
phosphorylation of a similar size protein to pp 185 found in rat liver (2).

The abbreviations used are: IRS-1 (insulin receptor subsirate-1), HCC (hepatocellular
carcinoma, IPTG (isopropyl-p-D-thiogalactopyranoside), SDS (sodium dodecy! sulfate), PMSF
(phenylmethylsulfonyl fluoride) SH2/SH3 (Src homology 2/ Src homology 3), EGTA
([ethylenebis(oxyethylenenitrilo)] tetracetic acid, PI-3' kinase (phosphatidylinositol 3'-
kinase),
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METHODS

CcDNA and Genomic Cloning. A XGT11 expression library constructed from the
human HCC cell line (FOCUS) was screened with the FB-50 Mab selected from a library of
MAbs produced against the FOCUS cell line as described previously (4). A ¢cDNA designated FB-
50.1 was initially isolated. Two additional cDNAs, namely FB-50.F9 and FB-50.B1 were
isolated from FOCUS and pre-B cell (kindly provided by Dr. Rene Bernards, MGH Cancer
Center) cDNA libraries, respectively. A c.a. 10 kb genomic DNA fragment was isolated from a
human placental genomic library (Clontech, Palo Alto, CA) using the FB-50.F9 ¢DNA fragment
as a probe. The relationship between the isolated hi{RS-1 like cDNAs and genomic fragment and
the previously reported rat IRS-1 cDNA are shown in Fig 1A. Nucleotide sequence analysis was
performed as previously reported except T7 DNA polymerase (Pharmacia NJ) was used instead
of the Klenow fragment (4).

Northern blot analysis. Total cellular RNA from FOCUS cells and HCC tissues were
isolated and Northern blot was performed with the FB-50.F3 cDNA probe labeled with o-32P-
dCTP (New England Nuclear, Boston, MA) using the Multiprime labeling method (Amersham
Corp., UK) as previously described (4)

Polyclonal antibody production. Polyclonal antibodies were prepared for
immunoprecipitation experiments against a recombinant hIRS-1 protein fragment derived from
the FB-50.1 cDNA (Fig 1A, 1B). This ¢cDNA was subcloned into the EcoRI site of pGEX-1
(Pharmacia, NJ). The prokaryotic expression vector was constructed to yield a fusion protein
with glutathione S-transferase following the addition of isopropyl-B-D-thiogalactopyranoside
(IPTG). In these experiments, 1mM IPTG was used for induction of the fusion protein.
Purification of the fusion protein was performed as described by Kaelin Jr., W.G., et al (5)
using the glutathione-Sepharose (Sigma) as an affinity reagent.  Approximately 0.1 to 0.2 mg
of purified recombinant fusion protein emulsified with Freund's complete adjuvant (Difco) was
intradermally injected into rabbits at multiple sites on the back. Booster injections were
performed 3, 5, and 7 weeks later with c.a. 0.1-0.2 mg of purified fusion protein emulsified
with Freund's incomplete adjuvant (Difco). Immune rabbit serum was obtained 7 days after the
final injection for the immunoprecipitation experiments.

Immunoprecipitation and Western Blot Analysis. For the immunoprecipitation
reactions, 1 m| of HuH-7 HCC cellular extracts in 50 mM Tris-HCI| pH 7.5, 1% Triton X-100,
2 mM EGTA, 10 mM EDTA, 100 mM NaF, 1 mM NasP207, 50 pg/ng PMSF, 0.2 pg/ml leupeptin
and 0.2 pug/ml Aprotinin were immunoprecipitated with polyclonal antibody for 5 hours at 4°C
(6) with and without a 5 minute exposure of cells grown to near confluency in 100 mm culture

dishes to 1 x 10-7 M insulin at 37°C.  After immunoprecipitation, the pellet was resuspended
in the SDS sample buffer, resolved on SDS-7.5% polyacrylamide gels (7), transterred to
nitrocellulose membranes, and probed with rabbit polyclonal anti-fusion protein antibodies
followed by incubation with 125-labeled goat anti-rabbit IgG F(ab’)> (New England Nuclear,
Boston, MA) as described previcusly (8). Parallel immunoprecipitation experiments were
performed with an anti-phospho-tyrosine MAb (kindly supplied by Dr. Ed Harlow, MGH Cancer

Center) followed by probing with '25-I-protein A (New England Nuclear, Boston, MA). The
blots were dried and autoradiographed.

RESULTS AND DISCUSSION

The cloned genomic hIRS-1 DNA sequence from n.t. 1 to 6,152 corresponds to the
transcribed region previously reported for the rat IRS-1 ¢cDNA (1). As presented in Figures
1A and 1B, no intron sequences were found in this region.  The sequence homology between
human and rat IRS-1 ¢cDNAs was found to be high. For example, there was a 76, 85, and 42%
hemology in the 5' non coding, protein coding and 3' non coding regions respectively. There are
also 7 ATTTA sequences that have been previously shown to destabilize mRNA (9). in the hIRS-
1 cDNAs, no poly-A tail was present. However, one polyadenylation signal AATAAA was found at
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n.t. 6,130. In addition, there were two polyadenylation signals present in the genomic DNA
fragment downstream of nucleotide 6,130 (data not shown).

Comparison of the predicted amino acid sequence between human (1,243 a.a.) and rat
IRS-1 (1,235 a.a.) proteins are shown in Figure 2. There is a 90.5% identity at the amino
acid level between the two proteins (1). More importantly, the muitiple potential
phosphorylation sites are highly conserved between the two species. For example, there are
four cyclic AMP-dependent protein kinase (10) (R/K-R/K-X-S/T: a.a. 78, a.a. 528, a.a.
1,101 and a.a. 1,224 in Fig. 2), 13 protein kinase C (11) (S/T-X-R/K: a.a. 190, a.a. 301,
a.a. 324, a.a. 352, a.a. 442, a.a. 625, a.a. 637, a.a. 775, a.a. 796, a.a. 921, a.a. 985, a.a.
1,085 and a.a. 1,219 in Fig. 2) and 10 tyrosine kinase (3) (E-X-Y-X-E: a.a. 552, Y-M-X-M:
a.a. 613, a.a. 633, a.a. 663, a.a. 733, a.a. 942 and a.a. 990, Y-X-X-M: a.a. 466, a.a. 552 and
a.a. 1,013, E-Y-Y-E: a.a. 46 in Fig. 2) sites. There is a highly conserved potential ATP-
binding site at lysine 162 (A-X-K1g2-X-1/V/L) 15 residues downstream from the ATP
consensus recognition sequence (G-X-G-X-X-G). A previous study has suggested that rat pp
185 protein encoded by the IRS-1 gene was phosphorylated not only at tyrosine but also at
serine and threonine residues following insulin stimulation of FaO ratl hepatoma cells (2). The
presence multiple potential phosphorylation sites suggest an important intrinsic role of the
molecule for signal transduction. Thus, the pp 185 may be a unique multi-site "docking"
protein that interacts with other SH2/SH3 containing proteins following phosphorylation of
tyrosine as well as for other tyrosine, serine and threcnine kinases (1,3). Indeed, recent
evidence suggests that phosphatidylinositol 3'-kinase (PI-3' kinase)} was immunoprecipitated
with anti-IRS-1 and this observation supports the concept that rat IRS-1 binds signal

transduction molecules (1).

A £B50 Genomic DNA

N § B E E H
(256) (655) (3175) (4387){4550) (4634)
1= —— - 4 (6152)
ATG TAG
(s81) {4310)
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B EEH
FB50.81 {2435) ——— —+ i {6152}

rat IRS-1 cDNA

(3165} (E3294)
{1 — —— }———— (5365)
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{588) (#294)
Fig.1. A: Physical map and relationship of the hIRS-1 genomic fragment (upper lane)

and cDNAs (middle three lanes) compared to the previously reported rat IRS-1
cDNA (bottom lane). The nucleotide numbering sequence in rat CDNA are the same
as previously described (1). Restriction enzyme cleavage sites are indicated as
follows: N: Nsi |, S: Sph i, B:Bam HI, E: Eco Ri, H: Hind Ill. B: Nucleic acid
sequence of the hIRS-1 genomic DNA fragment. The predicted transiation start
codon (ATG), stop codon (TAG), a consensus sequence for mRNA destabilization
(ATTTA) and a putative polyadenylation signal (AATAAA) are in a bold type. The
protein coding region is underlined.
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1 TGGTATTTGG GCGGCTGGTG GCGGCGGGGA CTGTTGGAGG GTGGGAGGAC 51 GCCARGGAGG AGGGAGAAZC CCGTGCAAC G TTGGGACTITS GUAACCCOCC
101 TCCCCCTGCC CAAGGATATT TAATTTGCCT CGGGAATCGC TGCTTCCAGA 151 GGUGARACTCA GUASGGRAGE GGGUGCGCGL TCCTGGACGE GCACTGCAGG
201 GACCCCCGAC TGTCGCCTCC CTGTGCCGGA CTCCAGCCGG GGCGACGAGA 251 GATGCATCTT CGCYCCTITCC TGGTGGCGGC GGCGGCTGAG AGGAGACTTG
301 GCTCTCGGAG GATCGGGGCT GCCCTCACCC COGACGCACLT GCCTCCCUGH 352 “GGCGCGTCAA GCGUCCGAAA ACTCCGGTCC SGCTCALC
401 AGCTGCGTCC TCCTTCAGCT GCCCCTCCLC GCGLGGUGLU CGGCGTGLAT 457 TTCAGAGTOS GGG17TICTSC TCOCTICAGE
501 CGCGGCGAGG AGCCTCCGCC CTCCCACCCGG TTGTYTTTLG GAGLCTCCCT 3957 CTCCTCAGCG TIGGTGGTGE COLTGGUAGC
601 TAC 3 N GA 651 GUATG
701 CCGGCGCGCC TCGAGTACTA CGAGAACGAG AAGAAGTGGC GGCACAAGTC 751 SRCCGC . SCTC [ GCTTS T
801 AGCGGGCTGA CTCCAARGAAC AAGCACCTGC TGGCTCTCTA CACCCGGGAC 851 g 3 CT
901 CCAGGCTCTC CTACAGCTGC ACAACCGTGC TAAGGGCCAC CACGACGGAG 951 CTGCGGCCCT CGGGGCGGGA GQTGGRTOGTS GGCGCAGCTS CAGCCGCAGE
1001 ICCGGCCTTG GIGAGGCTCG GGAGGACTTG AGCTACGGIG ACGIGCCCCC 1051  AGGACCCGCA TTCABAGAGG TCTGGCAAGT GATCCTGAAG CCCAAGGGCC
1101  IGGGTCAGAC ABAGAACCTG ATTGGTATCT ACCGCGITIG CCTGACCAGC 1151 AAGACCATCA GCTTGGTGAA GCTGAACTGG GAGGCAGCGG CCGTGGTGCT
1201 GCAGCTGATG AACATCAGGC GCTGIGGCCA CTCGGAARAC TICTICTITICA 1251 ZICGAGCTGEG _CCGTTCTIGCT CTGACGGGSL CCOGCGAGTT CTGUGATSCAG
1301 GIGGATGACT CTGTCGTGGC CCAGRACATG CACGAGACCA TCCTGCAGGE 1351 LAYGCGGGEC ATCAGCGATG AGTTCCGCCC TCCCAGCAAG ACCCAQTCCT
1401 CGTCCAACTG CTCTAACCCC ATCAGCGTCC CCCTIGCGCLG GOACCATCTC 1451 AACAATCCCC COCCUACCCA GUTGOGGCTC ACCCGCCGAT CACGCACTOR
1501 GAGCATCACC GCCACCTCCC CGGUCAGCAT GGTGGGCCGE AAGCCAGGCT 1551 COTTCOGTIG T COGCUCTTCL ACTCACUGCE AAGGCACTAT ) CC CC
1601 GCCTCGGTGG ACGGCAGCCC TGTGAGTCCC AGCACCAATA CAACCUACGE Tesl  CCAZCGGCAT CCGCCTAGGC CCCOGOTCCA CCCCCCGUTC AACCACACCC

1701 GCICCATCCC CATGCCGGCT TCCCGETGCT CCOGTTCGGE CAUCAGLUCG VN GCCAGTCTGT CGTCCAGTAG CACCAGIGOC CATGGCTLCA CUiCGGATT

1801 ICTCITCCCA CGGCGATCTA GIGCTTCCGT GTCTCCITCC CUCAGUGATS 1851 NCGEITICAT CTCCTLGGATL GACGTATGGCT CCAGTCCCTC CUATITCCON
1901 AGITCCTTICC GCAGTCTCAC TCCGGATTCC CTGGGCCACA CCCCACCACT 1951 (CGCGGTGAG CACCATCTAA CUAACTATAT CIGCATGGHT GGCAAGGOGC
2001  COTCCACCCT GACCGCCCCC AACGGTCACT ACATTIIGTC T Relel 2051 ARTGGCCACC GUIGCACCCC AGGAACAGGL TTGCGCACGA UTCCAGC
2101 GGCTGGGGAT GAAGCAGCCA GTGCTGCAGA TCTCGATAAT CGGITCCGAA 2131 CACGAACTCA CTCOGUAGTC ACATCCCOTA CCATTACCUA CUACGAAGACC
2201 CCGTCCCAGT CCTCAGTGGC TTCCATTCAG GAGTACACAD ACATUATCGOC 2231 IGOCTACCCA CCACCACC Y COAGTGQAGL CUCGACTGUCC GGACACAGUD
2301 ACICCGCCTT COIGCCCACC COCTCCTACC CAGAGGAGGG TCTGGAAATE 2353 ACCCCTT: GCGTCRGGE GOCGCACCAC CGCCCAGACA GCTCCACCOT
2401 < T 245% H CGHL

2501 GIATCTGCCC CACAGCAGAT CATCAATCCC ATCAGACGLC ATCCCCAUAG 2551 AUTIGACCCC AATCGUTACA TCATGATCIC CCCCAGCGH™ LGUTOCTCTC
2601 CTGACATTIGG AGGIGGCGCC AGCAGCAGCA CCAGCAGCAG CAACTECULUTC 2651  ZCTICCGGGA CUAGCTATGG PAAGCTGTGG ACABACCGGGG TAGEGGGCCA
2701 CCACTCTCAT GTCTTGCCTC ACCCTAAACT CCCAGTGOAG ASUALUTGTTS 2000 QUAAGCTCTT ACCTTOCACA CSOTCARTACA TUARTATCTC ACTAGTIL
2801 GACTCCAACA CCAGCAGCCC CTCCOACTGC TACTACGSLS CLGAGGACCE 2851 CUAGCACAAG CUACTLCPCT CCTACTACTC AITGCCAAGA TLCTITAAGL
2901 ACACCCAGCT CCCCGGGGAG CCUOAGOAGS TTGTULCGUUA T Pl DR S A A AR UAGALATUN
3001 IICTTCCTCT TCCACCAGCA GCGACAGCCT GGGTGGLUUA 3051 CIAGGCTUGA CCAUATCOUY ACCATUALGT IUUGCAGECT
3101 CATCIGCCTC GAAAGGTGGA CACAGCTGCT CAGACTAATA CUUGTUT 3051 LufGCCCATY AGCUTCTElS T1OGGOUATST CAAGGCCAGT AU VAZCTY
3201 GGGCCCGAGA GCAGCAGCAG CAGCAGCAGC CCTTGLTGCA COUTCUAGAT 3291 CQCBAGAGCC CCGGGE, TGTCAATATT. GAATTTGGGA & HATCAUTL
3301 IGGCTACTTG TCTGGCCCGG TGGCTTICCA CAGCTCACCT TCTCTCA 3351 QTCCATCCCA GUICCACGCCA GUTCCUAGAG AGGAAGAGAL TUUTACTGAS
3401 GAGTACATGA AGATGGACCT GGGGCCGGGC CGGAGGGCAG CC3GGCAGT 3151 GAGCACTCGG GTCGAGATGG SCAGATIGGEH CCCTUEACET CCCULGGECTS
3501 SIAGCATITG CAGGCCTACC CGGGCAGTGC CCAGCAGCIL GGGTCACTAC 3551 TOAZCATCC ACATCACTIC TCTUCGTCAG AGCIATITGG ACACETOCCC
3601 AGCTGCCCCT GTAAGCTATG CTGACATGCC AACAGGCATY GUIGUACAGH 3651  AGGIGAGCCT GCTCACGRCS ACCATGGCTG CTLCCICCTC AYTGCICATIA
3701 GECICTGCTT CCCCGACTGG GCCTCARCGC GTAGCAGAGE TCTCTUCCCA 3751 ZIQGTCCCTG CTECGEGECe CATAAGGACC TGUGCGGCATG AUUCICTIC
3801 CCCGGGTGAA CCTCAGTCCT AACCGCAACC ACAGTGCCAA Garoc 3831 QUACACCTAC AAUGGUCCG GUGGARECAT ACCTCCGALR (U CCTY
3901 AACACCCAGT GCCACCCGGG TGOGCAACAL AGIGUCCTIT GEAGCGUG 3951 CAUMUIAGTALY UGUGUTCGE GOTASCAGCA VCALCACGCGA GUATHTGA
4001 CGCCACAGCT CTGCTTICCTT TCAGAATGTG TGGUIGAGEC i Goni oz S0 UAACGAN U CACCEABATY CTGIGHGGT DUTCUEGED
4101 IGGAGAATGG ICTIAACIAC ATACACCICG ATTTGCTUNA CUAZTIUALA AT AGUALIGUAT CCCTCAACCG SAGCCTCCC wACCUCCACT
4201 CCCTCATCAA CCCCTGGGCA GCGOTTATAL CTAGUL Lt AT Aol SAGGALS L CCTAGUALLE UUTICTAGAR CUATCUACAC
4301 GACCGTCAGT AGCTCAACTG GACATCACAC CAGG 1GALA 4330 AASTUAGAAL TAACC L e L
4401 GCCTCTGCCC CTTCCTGTTC TTTCCCACTG CTTCCTCAGE CAGAATIUAC LR TTAUATTCTL AGGGUATARLA AGATTLTUAL JEATATTUAL A CAGAS
4501 AGTCARACAA ACATGTAGGA GCAGCCACAG GAGGGCTTIT TCGTTIGAGG 4557 AARTTCCCAAG TUAAGTAGTT AIIGCALTATL [AAACAT ATAIICIATG
4601 CCAGTTCTGC GTTTTGTAGA GTTCCTCCGT AAGAAGCIYG ATTTGITTGY 4657 IGAAGITTTC IITTCACTAT ATATTTAGGD CACCECC ARGGACALT
4701 CTACAAAAAA TACCCGTTAA CACAGGGGCT AAACCCTTCC TTATLTTAAA 4757 CTATCTTAAY AGTT.CTGGH GGTGATIITA TCAAGTIGIHT

4801 CTCTGTACTT TTGTTCTGTG ATTTTATAAT AL GGGCAA CATAAACAGT 48451 AGUGGGAAGT Al

AMAARG ATCAGGAGLA

4901 AGAGCTTTTT AGAAATATGT ATTTACAGAG AAGTATC!

TOOTATTTTIGTG G950 ATOTCLCAAL AAAGTAATTA TGGOTSACGT TICRIGTACT

5001 AGGATTTGTG AAATATTATT CACACAACCG ACCCACCATC CCACCOLICT 53057 GUCCTCTCTT CTATAGOATA TCCAGGAAAC SGACCC

5101 ATTATTAAGA GTTATGGGAG TTCATCCTAG GATLTCTGUC

IRGTUAT 5151 <

CTTCT TGC

AGA CATIACAGART IACTATA

5201 TATCTTCTGT AAAATTACTT TTATTTGTTG AAGAAGAATC 57251 CAGUAACH”

GANTUGTT AR

5301 ACTGTATCCC TCCACTTTTA GGGTTATTTG CCTGTGIGIT 9351 AARCTAGAUE CUACARUTAAR 7

TUUNTRL

b

5401 CTAATGCCGT ATTAAAAATG AAABACATTT GTGGTAGAAA 451 CILGTTOLG v COTOO VAT RATICT ARIA
5501 GAGTACAGTT TGCAAATAAT GTGATULAGTT GGCAATGUAL N AL COAAR DICUUGATAARCTS ATIATTTIGT SAATTTIAVD

5601 TATGCTCCAC AGAATGAGCT TTTAAARRGCA CTGATTTTIC 5651  TCCATTCATA AGAAATTARAT CIGIGICCTG GITICCTATT GACAULCTATT

5701 TATTTATCAT GTGTTCATAG TCTTCTTAAT TCTGTTTCCA ATATITGATC 5751  CATATAATTC TCTATIV AT AAAGCAAGAA AMAGGTATAT GAACACTCAA
5801 ATGAAGATTT TGGGTGATAT GTTACAAAAA GCATTTATTT GATCAGTATT 5851  TACTTCAACA TITATTITCA TCATTCACTA GAAGAAAGAT TTAATTGTG
5901 ATATCAACAT CAGTAGTACA AATCTTGTTA TATCAAATGA TGTTTTTGGG 3991 AGTICAGAAT TCAATAC TTTAAGCATT TOTATTATAA AGTGUTTOAT
6001 TGGTAAAATA ATGAGAATTT GAAGAAAACC AGCCCAGCAG AACTAAAATT 6051 TTGGTTTTAA AGGAGATAAA GAGAATAARGT TTTTCTTACT THTCAICTTA
6101 ATTTGTTTAG GTTTCTTTTT ATAGAGTAGA ATAAATCATG I'UTGCTCIGA 6151  AC

Fig. 1 — Continued
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LGHTPPARGEEELSNYICHGGKGPSTLTAPNGHYILSRGGNGHRCTPGTG

PURECULE e s bl N
LGHTPPARGEEELSNYICKGGKGASTLTAPNGHYILSRGGNGHRYIPGAT

LGTSPALAGDEAASAADLDNRFRKRTHSAGTSPTITHQKTPSQSSVASIE
SULEEE e IRt R i e i e b bt
MGTSPALTGDEAAGARADLDNRFRKRTHSAGTSPTISHQKTPSQSSVVSIE
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Fig. 2.
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EYVNIEFGSDQSGYLSGPVAFHSSPSVRCPSQLQPAPREEETGTEEYMKM
R N N N A N A A A R ey
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A R N AR R R AR AR A
DLGPGRRATWQESGGVELGRVGPAPPGAASICRPTRSVPNSRGDYMTMQI

SCPRQSYVDTSPAAPVSYADMRTGIAAEEVSLPRATMAAASSSSAASASP
SULERTTUI bt rt bbb i i Ibeaaidadl
GCPROSYVDTSPVAPVSYADMR“GIAAEKVSLPRTTGAAPPPSSTASASA

T.GPQGAAELAAHSSLLGGPQGPGGMSAFTRVNLSPNRNQSAKVIRADPQ
SHErbreorrebrrierbbbebir bl Peidb bbbl
SVTPQGAAEQAAHSSLLGGPQGPGGMSAF TRVNLSPNHNQSAKVIRADTQ

GCRRRHSSETFSSTPSATRVGNTVPFGAGAAVGGGGGSSSSSEDVKRHSS
[RRERRERR RN crblas bbb bilbess b IbLIT
GCRRRHSSETFS...APTRAANTVSFGAGAA. . .GGGSGGGSEDVKRHSS

ASFENVWLRPGELGGAPKEPAKLCGAAGGLENGLNY IDLDLVKDFKQCPQ
RN R N P AR R R R R A R RN N P
ASFENVWLRPGDLGGASKESAPGCGAAGGLEKSLNY IDLDLVKDVKQHPQ
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Comparison of the predicted amino acid sequence of hIRS-1 like gene to ral
Upper line shows hIRS-1 at the bottom line depicts rtRS-1 amino acid

sequences. The consensus sequences for potential tyrosine phosphorylation sites

are indicated by bold type.

We confirmed that the FB-50 Mab recognized the hIRS-1 protein, by preparing a

polyclonal antibody against a recombinant fusion protein using the FB-50.1 cDNA as shown in

Figure 1.

Both antibody preparations immunoprecipitated a c.a. 180 kDa protein in HuH-7

cells and 25| labeled FB-50 MAb detected the same protein after immunoprecipitation with

polyclonal antibody and Western blot analysis (data not shown).

Finally, insulin stimulation

studies of serum starved HuH-7 HCC cells revealed a 180 kDa phosphoprotein when

immunoprecipitated with the polyclonal antibody, followed by Western blot analysis with an

anti-phospho-tyrosine Mab (Figure 3).

These results demonstrate that the cloned hIRS-1

c¢DNA encodes a c.a. 180 kDa peptide that represents the human analogue of the rat pp 185.

Since the FB-50 MADb produced against the FOCUS HCC cell line was used to isolate the
hIRS-1 cDNA, we performed a Northern blot analysis on FOCUS cells, normal human liver and

HCC tumors in order to determine if there was increased expression at the RNA level.

As shown

in Figure 4, a single c.a. 5 kb transcript was detected in FOCUS cells and all HCC tumors as well

as normal liver.

However, there was higher expression in HCC compared to the adjacent non-
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Fig. 3. Demonstration that the polyclonal antibodies (poly Ab) prepared against a fusion

protein encoded by the FB-50.1 ¢cDNA immunoprecipitates a c.a. 180 kDa protein
from HuH-7 HCC cells. This protein is phosphorylated on tyrosine residues (anti-
P-Tyr MAb) following insulin stimulation of HuH-7 cells.

Fig. 4. Comparison of human IRS-1 like gene expression in human HCC vs. non-involved

adjacent normal liver by Northern blot analysis. Top: 5 pairs of HCC tissues (T)
and adjacent normal liver tissues (N) are depicted along with FOCUS HCC cells (F).
The positions of 28 and 18 S rRNA are shown. Each lane contains equal amounts
c.a. 20 pg of total RNA. Bottom: ethidium bromide-stained ge! before transfer.
Note that only a single c.a. 5 kb transcript was observed in HCC and normal liver.

involved normal liver. Since insulin is a potent growth factor for hepatocytes, over-expression

of hIRS-1 gene in HCC suggests that it is upregulated during hepatocarcinogenesis.
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