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Introduction
Nuclear Factor kappa B (NFκB) activation is thought to participate in
acute and chronic diseases by eliciting robust innate immune responses
in injured or diseased tissues; however, recent work suggests that NFκB
pathways might also participate in the resolution of inflammation in a
model of kidney disease.1 The bifunctional nature of this pathway
suggests that NFκB may modulate a balance between pro-inflammatory,
fibrotic mechanisms of tissue repair and restorative or regenerative
outcomes in vivo. We have previously demonstrated that intra-renal
delivery of bioactive kidney cells, a Neo Kidney Augment™ (NKA)
prototype, can preserve kidney function and tissue integrity in a Lewis
rat model of chronic kidney disease.2 In this study, we investigated the
role of NFκB pathways in the NKA-initiated attenuation of disease
progression in the 5/6 nephrectomy model and to identify properties of
the bioactive kidney cells that may contribute to regenerative outcomes
through direct modulation of NFκB activation.

Figure 1. Canonical activation of the NFκB
pathway by TNFα
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Figure 4. Conditioned media from bioactive NKA cells
attenuates TNFα-induced NFκB activation
in vitro

Figure 2. The NFκB pathway is progressively activated in the
5/6 nephrectomy model of chronic kidney disease
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Immunohistochemistry for the NFκB p65 subunit in kidney tissues of Lewis rats reveals that animals with progressive CKD
initiated by 5/6 nephrectomy (panel B) have more robust nuclear localization of NFκB p65 subunit, particularly in tubular
epithelial cells (black arrowheads) relative to the non-progressive renal insufficiency initiated by unilateral nephrectomy
in control animals (panel A). Tissues harvested six weeks post-nephrectomy. Magnification at 200X.
Panel C: Western blot analysis for NFκB p65 in the cytoplasmic (‘C’) and nuclear (‘N’) protein extracts of Lewis rat kidney
tissue that have undergone the 5/6 nephrectomy. Comparing weeks 1 and 13, where γtubulin levels (loading control) are
relatively consistent, nuclear NFκB p65 increases over time, consistent with the immunohistochemistry results.
Panel D: Electrophoretic mobility shift assay (EMSA) on nuclear extracts confirms that the NFκB that localizes to the
nucleus following 5/6 nephrectomy is activated for DNA binding. Lanes represent nuclear extracts prepared from two
animals at each time point.
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Figure 3. Intra-renal delivery of NKA cells reduces NFκB nuclear
localization
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Materials and Methods
Remnant kidneys were harvested from Lewis rats in which a two-step
5/6 nephrectomy procedure was performed 6 weeks prior to being
treated with an NKA prototype. NKA-treated (TX) or untreated (UNTX)
tissues were assayed for NFκB activation by immunohistochemistry, RTPCR, Western blot analysis, and electrophoretic mobility shift assays
(EMSA). Conditioned media (CM) collected from ex vivo NKA cell cultures
grown in serum- and supplement-free media was used for in vitro
functional assays. The human proximal tubule cell line (HK-2) was used
as the target cell type for molecular and immunofluorsence-based assay
readouts. Vesicular particles shed by cells into the culture media
(exosomes) were collected by high-speed centrifugation. Total RNA
isolated from exosomes was screened using PCR-based arrays of known
microRNA sequences (Qiagen).
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In a proximal tubule cell line (HK-2), NFκB p65 (green) localizes to the nucleus after
a 30 minute exposure to TNFα (Control Media). However, pre-treatment of HK-2
cells with NKA Conditioned Media for 2 hours prior to TNFα addition attenuated the
NFκB p65 nuclear localization response. Nuclei (blue) and filamentous actin (red)
counterstaing provide reference for the NFκB localization in the merged images.

Table 1. microRNAs derived from secreted
vesicles are putative repressors of
NFκB signal transduction
microRNA in vesicles
Target mRNA
miR-21
Pellino-1 (ref. 4)
miR-146a
IRAK1, TRAF6 (ref. 5)
miR-124, miR-151
NFKB/RelA (mirBase)
Analysis of microRNA content of secreted vesicles isolated from human and rat NKA
conditioned media by high-speed centrifugation using PCR-based arrays of known
sequences identified several microRNA species that may influence immune responses
via NFκB based on literature reports4,5 or predictive algorithms (http://mirBase.org).

Discussion and Conclusions
In vivo and in vitro findings support the working model of how bioactive kidney cells
(NKA) might improve renal function in chronically-diseased kidneys by modulating
immune response pathways such as those affected by NFκB activation.
• Activated NFκB (p65 nuclear localization, particularly in proximal tubule cells)
is associated with the establishment of chronic kidney disease in the 5/6
nephrectomy rodent model and was attenuated by NKA treatment
• The in vitro response of proximal tubule cells (HK-2) to NKA conditioned
medium mimics the in vivo attenuation of NFkB nuclear localization in response
to NKA treatment
Multiple defined subpopulations of renal cells have been isolated and assayed in vivo for bioactivity in improving renal
function in the 5/6 nephrectomy model of CKD.3 NKA cells demonstrated bioactivity whereas other subpopulations did
not.2 Lewis rats with established CKD received intra-renal injection of NKA (A) or non-bioactive renal cells (B). At 6 months
post-treatment, tissues were harvested and assayed by immunohistochemistry for the NFκB p65 subunit. Tissues from
NKA-treated animals exhibited less nuclear localization of NFκB p65, particularly in the proximal tubules, compared to
tissues from animals treated with non-bioactive renal cells, suggesting that the NKA treatment participated in attenuating
the NFκB pathway activity in vivo.

• Putative mediators of cell-cell inhibition of NFkB activation (microRNAs) were
identified in NKA conditioned medium
• Taken together, these data support the hypothesis that one mechanism by
which intra-renal delivery of bioactive kidney cells improves renal function
might be via cell-cell transfer of components that modulate immune responses
in resident kidney cells

