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Targeting mutated Ras for cancer immunotherapy BEDSIDE BENCH BEDSIDE
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Background: Aberrant constitutive signaling by Ras oncoproteins with mutations at codons 12, 13 and 61 drive

uncontrolled cell proliferation and tumorigenesis. We have developed targeted immunotherapy to specifically
eliminate tumor cells expressing mutated Ras and are genotyping pancreas cancer for the incidence of specific 7as
polnt mutations.

GI-4000 tarmogens for immunotherapy with whole, heat-killed yeast expressing mutated Ras proteins were originally

a three product series targeting tumors expressing 74s codon 12 mutations encoding G12V (GI-4014), G12C (GI-4015)
or G12D (GI-4016). Each of the original products also targeted Q61R and QG61L mutations. In preclinical studies,

the original GI-4000 tarmogens stimulated mutation-specific ablation of tumor cells when the Ras antigen mutation

expressed in yeast matched that found in the tumor. Ras mutation-specific cellular immune responses were shown in

90% of subjects from a Phase 1 study of GI-4000 in colorectal and pancreas cancer.

Experimental procedures: Tissue was obtained by surgical resection of tumors from 124 US and India subjects with

Stage I and II pancreas cancer screened for enrollment in a placebo-controlled Phase 2 trial of adjuvant gemcitabine
chemotherapy plus immunotherapy with GI-4000 tarmogens. Tumors were genotyped for K-, N- and H-72s DNA
sequences by nested PCR amplification including peptide-nucleic acid oligomer clamping, followed by DNA
sequencing. The GI-4020 tarmogen was engineered to express G12R- and Q61H- mutated Ras protein. CD8 T cells
from mice immunized with GI-4020 or control yeast were mixed with tumors expressing G12R- or Q61H-mutated

Ras, then implanted and monitored for control of tumor growth.

Results: Tumor genotyping for the Phase 2 study revealed that 83% of pancreas cancers had K-Ras mutations,
predominantly G12V or G12D. However, 17% of pancreas tumors harbor G12R or Q61H mutations, where as 5-6%
of tumors harbor the Q61H mutation, which was at much greater frequency than previously documented. Preclinical

studies demonstrated that administering GI-4020, which targets these mutations, specifically activated T cells against
tumors with G12R- or Q61H-mutated Ras.

Conclusions: G12R- or Q61H-mutated Ras is found in pancreas cancer with much higher incidence than previously
reported. GI-4020 immunotherapy targets these 2 mutations and is being tested in the ongoing Phase 2 trial. The
current four GI-4000 products now cover 93% of mutated Ras-bearing pancreas cancers.



