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Abstract

Background/Aims: Chronic kidney disease (CKD) is a progressive deterioration of the kidney
function, which may eventually lead to renal failure and the need for dialysis or kidney trans-
plant. Whether initiated in the glomeruli or the tubuli, CKD is characterized by progressive
nephron loss, for which the process of tubular deletion is of key importance. Tubular deletion
results from tubular epithelial cell death and defective repair, leading to scarring of the renal
parenchyma. Several cytokines and signaling pathways, including transforming growth
factor-B (TGF-B) and the Fas pathway, have been shown to participate in vivo in tubular cell
death. However, there is some controversy about their mode of action, since a direct effect
on normal tubular cells has not been demonstrated. We hypothesized that epithelial cells
would require specific priming to become sensitive to TGF-B or Fas stimulation and that this
priming would be brought about by specific mediators found in the pathological scenario.
Methods: Herein we studied whether the combined effect of several stimuli known to take
part in CKD progression, namely TGF-f3, tumor necrosis factor-a, interferon-y (IFN-y), and Fas
stimulation, on primed resistant human tubular cells caused cell death or reduced prolifera-
tion. Results: We demonstrate that these cytokines have no synergistic effect on the prolif-
eration or viability of human kidney (HK2) cells. We also demonstrate that IFN-y, but not the
other stimuli, reduces the proliferation of cycloheximide-primed HK2 cells without affecting
their viability. Conclusion: Our results point at a potentially important role of IFN-y in defec-
tive repair, leading to nephron loss during CKD. © 2014 S. Karger AG, Basel
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Introduction

Chronic kidney disease (CKD) is a condition, in which the renal excretory function
progressively and irreversibly decreases as a consequence of renal tissue injury, nephron
loss, and fibrosis [1]. The increasing inability of the kidneys to properly clear the blood of
waste products eventually results in the need for dialysis (or kidney transplant) in order to
prevent azotemia, systemic organ damage, and death [2, 3]. During CKD, progressive nephron
loss may start by damage to the glomerulus (glomerular diseases) or to the tubule (tubuloin-
terstitial diseases) [4]. In both cases, affected nephrons eventually degenerate and their space
is occupied by scar-like tissue. In this process, tubular deletion is thought to result mainly
from tubular cell death (i.e. apoptosis) [5]. It has also been suggested that the epithelial-to-
mesenchymal transition of tubular cells plays a role but to what extent has not yet been deter-
mined [6]; there is, however, disagreement about this [7]. In addition, reduced tubular cell
proliferation has been proposed to play a critical role in tubular deletion by impeding tubular
regeneration [5]. Several mediators have been suggested to be responsible for inducing apop-
tosis in tubular cells, including Fas ligand [8], transforming growth factor-f (TGF-f) [9], and
tumor necrosis factor-a (TNF-a) [10].

Inhibition of TGF-f8 action reduces tubular deletion in animal models of CKD [11]. The
blockade of the Fas pathway also reduces tubular deletion in vivo [12]. However, it is not yet
clear whether these cytokines have the ability to induce apoptosis directly on tubular cells or
whether their alleged function results from an indirect effect. In fact, it has been shown that,
in general, epithelial cells (including renal tubular cells) are resistant to the action of Fas
stimulation [13, 14], a classic cell death mechanism [15]. Activation of Fas, in other cells, leads
to the assembly of the death-inducing signaling complex, which facilitates the activation of
the zimogen procaspase 8 and of the extrinsic apoptotic pathway. However, in normal
epithelial cells, the Fas pathway is usually uncoupled by basally expressed inhibitors of the
death-inducing signaling complex, such as FLICE-like inhibitory protein (FLIP). Under certain
pathological circumstances, epithelial cells become sensitive to Fas activation by the down-
regulation of FLIP expression [16-18]. How pathological scenarios specifically prime epithelial
cells for apoptosis is at present unknown. In the case of TGF-f, in vitro studies with tubular
cells usually fail to demonstrate a direct proapoptotic effect of this cytokine [reviewed in 5].
In this sense, hypotheses have been proposed that either (1) the proapoptotic effect of TGF-[3
only takes place under pathological circumstances with the cooperation of other mediators
or cytokines or (2) amplifying mechanisms of damage are present only in vivo, but are absent
ininvitro systems [1]. Onthese grounds, we investigated whether different cytokines sensitize
tubular cells to the action of TGF-f3 and whether they induce synergistic effects among them.
These cytokines included TGF-f3, TNF-q, and interferon-y (IFN-y), and the stimulation of the
Fas receptor was also included.

Materials and Methods
All reagents were purchased from Sigma (Madrid, Spain), except where otherwise indicated.

Cell Culture

Human kidney (HK2) cells were used. They were grown in RPMI 1640 (Bio Whittaker
Labs) supplemented with 10% FCS, 1 mM L-glutamine, 0.66 mg/ml penicillin, 60 mg/ml strep-
tomycin sulfate, 5 mg/ml insulin, 5 mg/ml transferrin, and 5 ng/ml selenium, in an atmo-
sphere 0of 95% air/5% CO, at 37°C. Cells were seeded in 100-mm Petri dishes (Nunc, Roskilde,
Denmark). HK2 cells were treated during 1 and 2 days with TGF-B1 (1 ng/ml; Upstate-
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Millipore, Madrid, Spain), TNF-a (25 ng/ml; Hycult Biotech, Uden, The Netherlands), IFN-y
(50 ng/ml; Hycult Biotech), stimulatory anti-Fas antibody (0.5 pug/ml; clone CH11, Millipore,
Madrid, Spain), and cycloheximide (100 um).

MTT Assay

The viable cell number was determined by incubating cell cultures with 0.5 mg/ml
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) for 4 h. Then, 10%
sodium dodecyl sulfate in 0.01 M HCI was added 1:1 (vol/vol) and left overnight at 37°C.
Finally, absorbance was measured at 570 nm.

DNA Fragmentation

DNA fragmentation was determined by ELISA with the commercial kit Cell Death
Detection Plus (Roche Diagnostics, Barcelona, Spain) according to the manufacturer’s instruc-
tions. Ten micrograms of protein were used from each cell extract.

Cell Cycle Analysis

Thirty minutes before harvest, 10 uM 5-bromo-2-deoxyuridine (BrdU, Sigma Aldrich)
were added to the cell culture. Subsequently, cells were fixed in ice-cold 70% ethanol over-
night and stained with 0.01 mg/ml anti-BrdU-FITC antibody (Abcam, Cambridge, UK). Then,
0.01 mg/ml propidium iodide was added to cell suspensions and 1 h later they were analyzed
by flow cytometry (FACScalibur, BD Pharmingen) with the CellQuest software. Singlet
discrimination was done by means of an FL2-A versus FL2-W representation.

Results
Absence of Cooperation among Cytokines on the Proliferation and Viability of HK2 Cells
As shown in figure 1, TGF-B1, TNF-q, [FN-y, and anti-Fas failed to modify the number of

proliferating HK2 cells after 24 and 48 h of treatment. Combinations of these stimuli also
failed to modify the proliferation and viability of HK2 cells (fig. 2). In fact, no evidence of apop-
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Fig. 2. Effect of different cyto-
kines on the proliferation of HK2
cells. Cells were treated for 48 h
with different combinations of
1 ng/ml TGF-B1, 25 ng/ml TNF-q,
50 ng/ml IFN-y, 0.5 pg/ml anti-
Fas antibody (a-Fas), or vehicle
(as control). At the end, an MTT
assay was performed. Data repre-
sent the average + SEM of 3 inde-
pendent experiments performed
in triplicate.

Fig. 3. Effect of different cyto-
kines on the internucleosomal
DNA fragmentation of HK2 cells.
Cells were treated for 48 h with
different combinations of 1 ng/ml
TGF-B1, 50 ng/ml IFN-y, or cyclo-
heximide (CHX). At the end, DNA
fragmentation (as an index of
apoptosis) was measured by ELI-
SA. Data represent the average *
SEM of 3 independent experi-
ments performed in duplicate. A
positive control was included
containing an extract of apoptotic
cells. AUs = Arbitrary units.

Fig. 4. Effect of priming cells with
cycloheximide (CHX) on the action
of different cytokines on the prolif-
eration of HK2 cells. Cells were
treated for 24 h with 100 uM cyclo-
heximide or vehicle (as control),
and then for 24 h with 1 ng/ml
TGF-B1, 25 ng/ml TNF-a, 50 ng/ml
IFN-y, or 0.5 pg/ml anti-Fas anti-
body (a-Fas). At the end, an MTT
assay was performed. Data repre-
sent the average + SEM of 4 inde-
pendent experiments performed
intriplicate. * p < 0.05 with respect
to the control; # p < 0.05 with re-
spect to cycloheximide.
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tosis was detected by evaluating internucleosomal DNA fragmentation (fig. 3), a hallmark of
this mode of cell death. By visual inspection (data not shown), cells in all conditions appeared
to be indistinguishable from control cells (i.e. treated with the vehicle) and also from the
regular culture. No signs of cytotoxicity were evident.

IFN-y Reduces the Proliferation of Primed HK2 Cells

Cycloheximide is an inhibitor of protein biosynthesis in eukaryotic cells, which acts by
impeding translational elongation. At low concentration, it has been used to inhibit the
expression of proteins with a high turnover, including those protecting from apoptosis such
as FLIP [16-18]. When we primed HK2 cells with cycloheximide, IFN-y, but not TGF-f1,
TNF-a, or anti-Fas, induced a reduction of cell proliferation (fig. 4). This reduction in prolif-
eration did not correlate with the induction of apoptosis (fig. 3) or with an accumulation in
specific phases of the cell cycle (fig. 5). In fact, IFN-y induced per se a redistribution of cells
through the phases of the cell cycle with no effect on net proliferation. In addition, despite
reducing the proliferation of cycloheximide-primed cells (over the effect of cycloheximide),
it did not further alter the cell cycle profile significantly with respect to the effect of cyclo-
heximide (fig. 5).

Discussion

During CKD progression, tubuli become atrophied and eventually disappear, leading to
nephron loss. Epithelial tubular cell death (mainly by apoptosis) and defective repair are two
key events underlying this process. When tubuli are injured by epithelial destruction, repair
mechanisms exist that rebuild the damaged structures and regain function. This is exem-
plified by most cases of acute kidney injury, in which tubuli regenerate when the insult
ceases [19]. This happens not only for mild renal injuries, but for massive tubular necrosis
(as in experimental models) as well. It tells us that the kidneys have the ability to regenerate,
even after severe damage. An important question is why these repair mechanisms do not
work under CKD conditions, in which damage occurs more progressively. On these grounds,
we hypothesized elsewhere [5] that yet undetermined pathophysiological circumstances
alter the correct repair process, leading to tubule degeneration. The normal repair process
involves dedifferentiation of any remaining epithelial cells, proliferation, migration to
damaged areas, and redifferentiation into epithelial cells. Pathological circumstances may

KARGER



Nephron Extra 2014;4:1-7

DOI: 10.1159/000353587 © 2014 S. Karger AG, Basel
www.karger.com/nne

Garcia-Sanchez et al.: Interferon-y Reduces the Proliferation of Primed Human Renal
Tubular Cells

involve an imbalance between pro- and antiproliferative signals (e.g. cytokines), which
would (1) induce cell dedifferentiation, (2) enforce the proliferative status of previously
dedifferentiated cells, and (3) maintain their undifferentiated state and the excessive
synthesis and deposition of extracellular matrix components. In this scenario, repair would
be distorted, tubules would not regenerate, and their space would be replaced by scar-like
tissue.

Another key aspect of progressive tubule degeneration is epithelial cell death. These cells
are, under normal circumstances, insensitive to a potential proapoptotic action purportedly
assigned to diverse cytokines, including TGF-f, and Fas receptor stimulation. It was also
hypothesized that hitherto undetermined mediators present under pathological conditions
of CKD would sensitize epithelial cells to the deadly action of these cytokines. In fact, all these
cytokines (including TGF-3, TNF-a, and IFN-y) and the Fas pathway have been involved in the
pathophysiology of CKD [3, 4].

Our results indicate that none of these cytokines alter the viability of HK2 cells and that
combinations of two or three of these cytokines also fail to sensitize to cell death. However,
our results additionally indicate that [FN-y might be involved in the interference with the
process of tubular repair. In fact, IFN-y seems to be able to reduce tubular cell proliferation
in previously primed cells. This indicates that IFN-y, and not TNF-«, TGF-$3, or Fas stimu-
lation, might contribute to skewing epithelial cell substitution with the necessary help of
unidentified mediators (mimicked experimentally by cycloheximide) that prime the cells to
the action of IFN-y. In fact, in other cell types, IFN-y may induce both apoptosis and cell cycle
arrest [20, 21]. The innate inflammatory response is, in principle, a protective reaction of
the organism against damage, caused either by exogenous or endogenous stimuli [22].
However, overactivation or persistence of the inflammatory response may, under various
circumstances, turn deleterious and damage the inflamed tissue [23]. The mechanisms
underlying this conversion are, however, poorly understood. Interestingly, IFN-y may
provide a mechanistic link between the inflammatory response and the distortion of the
repair response, leading to progressive degeneration. Further research is necessary to
unravel the identity of these mediators and to further ascertain the role of IFN-y in tubular
degeneration.

Additionally, IFN-y might be targeted to prevent the progression of CKD. In fact, patients
with progressive diabetic nephropathy, the leading cause of end-stage renal disease in
developed countries, respond with higher IFN levels when challenged with tuberculosis
antigens. This might indicate that these patients have an overreactive inflammatory response
that might damage their kidneys [24]. Furthermore, advanced CKD patients are often treated
with erythropoietin. Patients who respond well to the treatment are associated with low
levels of inflammatory cytokines including IFN-y, whereas those failing to respond are asso-
ciated with high levels of these cytokines [25]. In other words, the study of IFN-y can deepen
our understanding of the mechanisms involved in CKD progression, and I[FN-y also presents
a potential target for the treatment of this disease.

In conclusion, IFN-y, but not TNF-a, TGF-f3, or Fas stimulation, reduces the proliferation
of cycloheximide-primed HK2 cells without affecting their viability. Our results suggest that
[FN-y has an important role in defective repair, leading to a loss of nephrons during CKD and
that it can potentially be targeted when treating this disease.
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