High Expression of Ligands for Chemokine Receptor CXCR2 in Alveolar Epithelial Neoplasia Induced by Oncogenic Kras

Marie Wislez"®

Nobukazu Fujimoto', Julie G. 1zzo? Amy E. Hanna' Dianna Cody?, Robert R. Langley* Marie D. Burdick® Mitsuo Sato’, John D. Minna’, Ignacio Wistuba ', Robert M. Strieters, Jonathan M. Kurie'
Departments of 'Thoracic/Head and Neck Medical Oncology, 2Experimental Therapeutics, 3Imaging Physics, “Cancer Biology, sPathology, University of Texas M. D. Anderson Cancer Center, Houston, Texas
$Division of Pulmonary and Critical Care Medicine, Department of Medicine, David Geffen School of Medicine, and Lung Cancer Research Program, Jonsson Comprehensive Cancer Center, University of California,

Los Angeles, California, "Harold Simmons Cancer Center, Southwestern Medical Center, Dallas, Texas, *Department of Pulmonology, Hopital Tenon, Universite Paris VI, France

Abstract

CXCL8, a ligand for the chemokine receptor CXCR?, was recently reported o be
atranscriptional target of Ras signaling, but its role in Ras-ind:

Figure 1. Malignant progression in KrasLA1 mice is associated with infiltration

of neutrophils and endothelial cells.

al analysis of p40,a

has not been fully defined. Here we investigated the role of KC and MIP-2, the
murine homologues of CXCL8, in KrasLA1 mice, which develop lung
adenocarcinoma owing to somatic activation of the KRAS oncogene.

We first investigated biologic evidence of CXCR2 ligands in KrasLA1 mice.
Malignant progression of normal alveolar epithelial cells to adenocarclnoma in
KrasLA1 mice was. with enhanced i

neutrophilic inflammation, which are hallmarks of chemoattraction by excra
ligands. In in vitro migration assays, supernatants of bronchoalveolar lavage
samples from KrasLA1 mice chemoattracted murine endothelial cells, alveolar
inflammatory cells, and the LKR-13 lung adenocarcinoma cell line derived from
KrasLA1 mice, an effect that was abrogated by pre-treatment of the cells with a
CXCR2 neutralizing antibody. CXCR2 and its ligands were highly expressed in
LKR-13 cells and premalignant alveolar lesions in KrasLA1 mice. Treatment of
KrasLA1 mice with a CXCR2-neutralizing antibody inhibited the progression of
premalignant alveolar lesions and induced apoptosis of vascular endothelial cells
within alveolar lesions. Whereas the proliferation of LKR-13 cells in vitro was
resistant to treatment with the antibody, LKR-13 cells established as syngeneic
tumors were sensitive, supporting a role for the tumor microenvironment in the
activity of CXCR2. Thus, high expression of CXCR2 ligands may contribute to the
expansion of early alveolar neoplasti

lesions induced by oncogenic KRAS.

Animal model

K-rastA" mice, a model in which oncogenic K-ras

is activated through somatic recombination and
recapitulates features of lung adenocarcinoma progression.
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Table 1. Inflammatory cells in bronchoalveolar lavage samples

Mean number of cells/ul + SEM
| (% £ SEM of tol cell)
Mice Total Aveolar  Neutrophis  Lymphocytes
Cells _ macroph:

Wild type (n=3) | 106.6 £52.3 9931477 1713 55453
(943%12)  (27%16)  (29%21)
ras™ (n=4) | 18002584  1364%417 257893 93142
(7196£26) (183214) (4614)

P value” 07 04 003 028

(0.03) (0.03) )
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lung tissues from KrasLAT mice

phil-specific protein (A),and factor VIII(FVIII), an endothelial cell-specific
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Figure 2. CXCR2 neutralization inhibits the migration of epithelial cells,
endothelial cells,and inflammatory cells in vitro.
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Figure 3.Alveolar lesions in KrasLA1 mice have
high expression of KC and MIP-2, murine functional
homologues of CXCL8.
(A) Immunohistocherical analysis of KC in tumor cells [Ieﬁ ol
and (right; 40" an adenoma
from a KiasLAT mouse. ELISA was used to detect KC (), s (C),and VEGF
(E)in lung lavage (BAL)
from KrasLAT mice (n=9) and wild-type (WT) littermates (n=6)
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Figure 4. Mutant KRAS increases CXCL8 expression
in human bronchial epithelial cells (HBECs).

A, Western blot analysis of HBECs and KRAS/HBECs using specific

antibodies against CXCR2 and b-actin

B,ELISA for CXCL8 in conditioned medium collected from HBECs

and KRAS/HBECs at various times after seeding. Results were

normalized to total protein content.
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Figure 5.CXCR2 neutralization inhibits malignant
progression in KrasLA1 mice.
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(A) Immunohistochemical analysis of CXCR2 in tumor cells (top; 20" magnification)

and endothelialcells (bottom; 40" magnification) in a lung adenoma from a

KrasLAT mouse.

(6) Represenativ micro-CT axial mages o one KasLA1 mouse at thebeginning
treatment with CX(

A CXCR2 8

€. Mean numbers of lesions per mouse were determined for each group
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Figure 6. CXCR2 inhibition induces apoptosis of vascular
endothelial cells in alveolar lesions.
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mice treated with NGS or CXCR2 antibody
CI5:n=6 mice per group) using antibodies speciicfor  section ffom a KrasL
cleaved caspase-3 (CC3) or bactin.
andCD31

(63" magnification) for DAP, CC3, and CD31 in lung
Al mouse treated with CXCR2
antibody. Arrows indicate a cell that coexpressed CC3
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Figure 7. CXCR2 inhibition shrinks LKR-13 syngeneic tumors.

A Left western blot analysis of LKR-10 and LKR-13 cells using specific antibodies against CXCR2 and b-actin.
Middle, immunohistochemical analysis of CXCR2 in LKR-13 cells
Right, ELISA for MIP-2 and KC in conditioned medium from LKR-13 cells.
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C. Changes in mean volumes of LKR-13 syngeneic tumors over time in mice treated with CXCR2
antibody (CIS) or NGS. Tumors were measured daily, and tumor volumes were expressed as means  SEM.

Summary

Malignant progression in KrasLAT mouse was associated with
enhanced neutrophil inflammation and neovascularization and high
expression of CXCR2 ligands.

Alveolar epithelial cells transformed by oncogenic KRAS have high
expression of CXCR2 ligands, which recruit inflammatory and
endothelial cells, creating a milieu that promotes the progression
of early neoplasia.

CXCR2 neutralization reduced the numbers of early lesions and
induced apoptosis of vascular endothelial cells.

These findings suggest that high expression of CXCR2 ligands and
the accompanying neovascularization are required for early alveolar
neoplasia.

Our finding that oncogenic KRAS triggers tumor-host interactions
that are crucial to the promotion of tumor growth provides a rationale
to target CXCR2 or its ligand, CXCL8, in the treatment of oncogenic
KRAS-induced lung malignancy.



