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P21-activated kinases (PAKs) aremultifunctional effectors of Rho GTPaseswith both kinase and scaffolding activ-
ity. Here, we investigated the effects of inflammation on PAK1 signaling and its role in colitis-driven carcinogen-
esis. PAK1 and p-PAK1 (Thr423) were assessed by immunohistochemistry, immunofluorescence, and Western
blot. C57BL6/J wildtype mice were treated with a single intraperitoneal TNFα injection. Small intestinal
organoids from these mice and from PAK1-KO mice were cultured with TNFα. NF-κB and PPARγwere analyzed
upon PAK1overexpression and silencing for transcriptional/translational regulation. PAK1expression and activa-
tion was increased on the luminal intestinal epithelial surface in inflammatory bowel disease and colitis-
associated cancer. PAK1was phosphorylated upon treatment with IFNγ, IL-1β, and TNFα. In vivo, mice adminis-
tered with TNFα showed increased p-PAK1 in intestinal villi, which was associated with nuclear p65 and NF-κB
activation. p65 nuclear translocation downstream of TNFα was strongly inhibited in PAK1-KO small intestinal
organoids. PAK1 overexpression induced a PAK1–p65 interaction as visualized by co-immunoprecipitation,
nuclear translocation, and increased NF-κB transactivation, all of which were impeded by kinase-dead PAK1.
Moreover, PAK1 overexpression downregulated PPARγ andmesalamine recovered PPARγ through PAK1 inhibi-
tion. On the other hand PAK1 silencing inhibited NF-κB, whichwas recovered using BADGE, a PPARγ antagonist.
Altogether these data demonstrate that PAK1 overexpression and activation in inflammation and colitis-
associated cancer promote NF-κB activity via suppression of PPARγ in intestinal epithelial cells.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Inflammatory bowel diseases (IBD) such as Crohn's disease (CD) and
ulcerative colitis (UC) are associated with an increased risk of develop-
ing colorectal cancer (CRC). Mesalamine, 5-aminosalicyclic acid (5-
ASA), is an anti-inflammatory drug used to treat UC, and epidemiologi-
cal evidence suggests that it has chemopreventive effects [1]. We previ-
ously identified p-21 activated kinase-1 (PAK1) as a 5-ASA target [2].
PAK1 is a serine/threonine kinase effector of the small Rho GTPases
Rac1/Cdc42 [3], which regulates cytoskeletal dynamics and epithelial

cell (IEC) migration and homeostasis. Recently, we demonstrated that
PAK1 is overexpressed in IBD and CAC and promotes cell survival path-
ways [4–6]. However, the exact cause and consequence of PAK1 overex-
pression in intestinal inflammation have yet to be defined.

Several studies support the notion that canonical NF-κB activation
promotes intestinal tumorigenesis through the upregulation of pro-
inflammatory cytokines, proliferation, and cell survival [7–10]. NF-κB
activation is regulated by the transcription factor RelA (p65). At basal
levels, p65 is sequestered in the cytoplasm by its inhibitors IKKα/β
and IκB. Upon pathway activation, IκB is degraded, and p65 translocates
into the nucleus [11]. NF-κB signaling in immune cells drives the ex-
pression of pro-inflammatory cytokines such as TNFα or IL-1β, which
subsequently activate NF-κB in IECs thereby promoting cell survival
[12]. In support of this, TNFα-administered NF-κB1−/− mice show in-
creased IEC apoptosis [12]. PAK1 was previously reported to stimulate
NF-κB [13], albeit its exact mechanism within the canonical pathway
is unknown.

Here, we have investigated the effect of PAK1 activation in IECs upon
inflammation and its relevance for NF-κB signaling. We observed that
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