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Aberrant signaling through the Ras oncogene product pathway plays an important role in The ras gene family is one of the most frequently activated oncogenes in human cancer. Mutations at the 4000 —
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uncontrolled cell proliferation and tumorigenesis. The well-characterized mutations at codons 12, codon encoding amino acid 12 in the Ras protein are reported in 78% pancreatic cancers, 34% colorectal 3500 . —
13 and 61 cause constitutive Ras activation. In this study, K-, N- and H-7as DNA sequences were cancers, 27% non-small cell lung carcinomas, and 24% ovarian cancers. Mutations at positions 13, 59 or 3000 £766
characterized for the presence of tumor-associated mutations by nested PCR amplification and direct 61 are also found in a variety of cancers. Codon 12 or 13 mutations affect y-phosphate release from GTP, § 5500 d| —e— wr /’ _
sequencing from tumors of 149 subjects with pancreas (68% harboring mutations), colorectal (40% while mutations at codons 59 or 61 block Ras-GAP binding preventing GTP hydrolysis (see figure 4). S soog L T ETe /
with mutations) or NSCLC (9% with mutations) cancers in a phase 1 immunotherapy trial of whole, Both classes of alterations result in constitutive Ras activation and uncontrolled cell proliferation. E T/ T
heat-killed yeast expressing mutated Ras proteins (Tarmogens). A new 74s mutation at codon 76 was 3 1500 /f 1
detected in 24 subjects from all 3 cancer types, with 22 being E76G, while 1 tumor each harbored 1000 1 T
E76K or E76QQ mutations. Double combinations of E76 plus mutations at codons 12 or 13 were 500 T 1
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Ras E76G and E76K mutations were confirmed as transforming in non-clinical studies. Of particular ® - 0 15 20 25 30 35
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interest, coupling codon 76 and 12 mutations resulted in tumor growth synergy. G12V, E76G and e Days after Injection 212?Dsmutant
E76K single mutations or double G12V-E76G mutations were introduced into the mouse K-7as 30 - Codon 76 e Semeidia Al Krencel U of al. Bioch o - oataung
ranken , idi , Kren , et al. Bio mistr , P. - .
gene and then transfected into BALB/3T3 fibroblasts. Cells transtected with 7as harboring G12V or 25 - e s SR S BRI S
E76K alone, or the G12V-E76G double mutation formed colonies in soft agar. The BALB/3T3 cells ?Z ] 3500
transtected with wild-type or mutant K-7as genes were injected s.c. into BALB/c nude mice. The 0 4 codbr 13 it G —e— GIVETSG
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double G12V-E76G Ras mutation led to accelerated tumor growth compared to cells bearing any 5 - - ) 300017 —=— Girav /
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Mutations at codon 12 or codon 61 block y-phosphate release from GTP or prevent Ras-GAP protein pondon numbe g 2000 -
binding to Ras to trigger GTP hydrolysis, respectively. From the Ras crystal structure, residues 61 and g 1500
76 are positioned at opposing ends of the Switch 2 region a-helix responsible for Ras-GAP binding, Figure 1: Detection of ras mutations in phase | trial biopsy samples E
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implying that codon 76 mutations could similarly interfere with normal Ras-GTPase activity, albeit Exons 2 and 3 of human K, N and H-7as genes from a total of 149 tumor samples (with pancreas I/
possibly in a less pronounced fashion than codons 12, 13 or 61 mutations, which could explain why colorectal or NSCLC) were amplified by nested PCR and sequenced. Codon 12 mutations were found in 500
this locus may have escaped attention until now. However, these results suggest that tumors bearing 50 out of 149 samples, while codon 76 mutations was found in 24 out 149 samples. In addition, codon 13 0 ,
double mutations are more likely to exhibit aggressive growth characteristics. Thus, the genotype mutations were found in 3 samples and codon 61 mutations were found in five samples. 15 20 o5 30 35
of double codon 12 and 76 ras mutations in patient tumors may be prognostic of an accelerated Days after injection
malignant phenotype. The identification of codon 76 7as mutations in human tumors also represents a
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"i""""" """""""i ""‘ the cycle of hydrolysis of bound GTP, which 5 o hoe £766 i both K and H ; 400 This schematic drawing highlights the change in the Ras protein crystal structure due to a codon 12
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GER - oA DR (GAPs), and the replacement of bound GDP . 500 / T T | and codon 61 mutation (bottom) compared to the wild-type sequence for that domain (top). Amino
with fresh GTP, which is catalysed by guanine Table 1: Summary of mutations at codon 76 o | . . . . ) . D S
Qal ™ nucleotide exchange factors (GEFS). In s 100 — — b | J 1 acid 61 is located at the proximal end of the Switch 2/Loop4 domain, which is involved with binding
SHC W Inactive Sctive. GTP-bound state. Ras will int.eract with A new ras mutation at codon 76 was detected in 24 subjects from all 3 cancer types, with 22 being E76G . U - L = » | - =% % to GTPase activating proteins (GADs) that trigger the hydrolysis of Ras-GTP. The amino acid 76
several families of effector proteins, resulting mutations, while 1 tumor harbored an E76K and 1 tumor had an E76Q mutations. Double combinations . 1'0 2 * '*’3.0 o 10 e si)k o 6IO* * *7'0 8I0 position at the other ‘hinge’ of the critical Switch 2/Loop 4 (GAP-binding) domain, so mutations in
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In vitro _ ! HESER R Figure 3: Tumorigenicity assay with Balb/c nude mice 1. A new 7as mutation at codon 76 was identified in 16 % tumors from pancreas, colorectal and lung cancer
wiidrtype WT) feras " " i Fach fected cell 1 b 1 and ded in PBS. Fi " T cred subjects in a phase 1 clinical trial. The amino acid at codon 76 was found mutated from glutamic acid to
G12V, E76G and E76K single mutations or double G12V-E76G G12V + + F+++ ach transtected cell line was grown, harvested, and suspended 10 - Ive MILLON celis were Injected s.c. glycine, lysine or glutamine.
At eroduced into th K by s into 4-6-week-old Balb/c nude mice. Tumors were measured and tumor volume was calculated as 3.14 x
utations were introduced into the mouse K-7as gene by site- G12V + E76G + + I | . | | | 5 Ras F76 mutat Il transformation to 4 ¢ henotvoe i1 vitro and in vi
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fibroblasts. Cells transfected with s harboring G12V or E76K i : : " in the growth of tumors carrying Ras mutations at codon 12 an(.i cc?d.on 76 in Balb/c nude mice. Fig. 3C 3. Ras E76 mutations synergize with Ras (G12 mutations to exacerbate the aggressive tumor growth phenotype.
BALB/3T3 alone, or the G12V-E76G double mutation (right panel) formed 0P (emoty vecton 19 leXp anded detal/l (jlfthelitudy H; ﬁg‘j B t(})l Sh(ijiv the growth of 1nd1v1dtcllal (1;‘26 mutant—tfransfected cells 4. The presence of Ras E76 mutations may represent a diagnosis of accelerated malignancy.
transfected with e LT IemPpRy Veetor - - - relative to BALB/3T3 cells transtected with wild-type ras. Bars are standard deviation of mean tumor : .
G19V-E76G colonies in the soft agar growth assay, whereas untranstormed cells e ] ] ] yolume from 3 mice per group. 5. Ras E76 mutations may be used as a new target antigen for cancer therapy.
mutated K-ras (left panel) do not grow in soft agar. 5
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