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LABORATORY STUDY

Nec-1 Protects against Nonapoptotic Cell Death in Cisplatin-Induced
Kidney Injury

Vivian Regina Tristão, Paula Fernanda Gonçalves, Maria Aparecida Dalboni,
Marcelo Costa Batista, Marcelino de Souza Durão Jr and Júlio Cesar Martins Monte

Department of Medicine, Federal University of São Paulo, São Paulo, Brazil

Abstract

Background/aims: Necrostatin-1 (Nec-1) inhibits necroptosis, a nonapoptotic cell death pathway. Acute kidney injury
(AKI) is a clinical problem of high incidence and mortality. It involves several mechanisms of cell death. We aim to
evaluate the effect of Nec-1 in the toxic kidney injury model by cisplatin. Methods: We analyzed the effect of Nec-1 in
AKI by cisplatin in human proximal tubule cells by flow cytometry. Results: Our results show that Nec-1 has no effect
on apoptosis in renal tubular epithelial cells (Nec-1 + Cis group 13.4 ± 1.7% vs. Cis group 14.6 ± 1.4%) (p > 0.05).
But, in conditions in which apoptosis was blocked by benzyloxy-carbonyl-Val-Ala-Asp-fluoromethyl ketone (z-VAD-
fmk) the use of Nec-1 completely reversed cell viability (Nec-1 + Cis + z-VAD group 72.9 ± 6.3% vs. Cis group 35.5 ±
2.2%) (p < 0.05) suggesting that Nec-1 has effect on nonapoptotic cell death (necroptosis). Conclusion: Our findings
suggest that the combined use of apoptosis and necroptosis inhibitors can provide additional cytoprotection in AKI.
Furthermore, this is the first study to demonstrate that Nec-1 inhibits tubular kidney cell death and restores cell viability
via a nonapoptotic mechanism.
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INTRODUCTION

Acute kidney injury (AKI) is a common clinical problem
associated with high mortality.1 Studies have shown that
apoptotic and necrotic cell death are often found in AKI
caused by nephrotoxic injury.2,3

Apoptosis is a type of cell death that is caspase depen-
dent. The caspases are a family of proteases that play
a key role in the execution of apoptosis. Thus, inhibi-
tion of caspases during apoptotic cell death can block
apoptosis.4

Recently, Degterev et al.5 identified a novel type
of cell death called necroptosis—a regulated caspase-
independent cell death mechanism with morphologi-
cal features resembling necrosis—which occurs when
apoptosis is blocked by caspase inhibitors. Importantly,
they also identified a specific necroptosis inhibitor,
necrostatin-1 (Nec-1).5 Experimental studies using dif-
ferent models have shown that blocking both cell
death pathways, namely, apoptosis and necroptosis, by
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caspase inhibitors and Nec-1, respectively, was effective
as combination therapy.5–11

Thus, the use of inhibitors of apoptosis and necrop-
tosis may result in additive protective effect in AKI. In
this study, we hypothesized that inhibition of apopto-
sis triggers necroptosis in human proximal kidney cells
(HK-2).

Our aims were to evaluate the effect of Nec-1, which
blocks a critical step in necroptosis, in the toxic kidney
injury model by cisplatin and to evaluate the cytoprotec-
tive treatment by combined therapy (anti-apoptotic and
anti-necroptotic).

METHODS

Reagents
The following reagents were used in this study: cis-
platinum(II)-diamine dichloride (cisplatin, Cis; Sigma,
St. Louis, MO, USA); necroptosis inhibitor, Nec-
1 (Sigma); general pan-caspase inhibitor, benzyloxy-

373



374 V.R. Tristão et al.

carbonyl-Val-Ala-Asp-fluoromethylketone(z-VAD-fmk;
Becton Dickinson, Franklin Lakes, NJ, USA); and
bisbenzimide HOE 33342 [(2’-[4-ethoxyphenyl]-5-[4-
methyl-1-piperazinyl]-2,5’-bi-1H-benzimidazole)] tri-
hydrochloride dye (Hoechst; Sigma).

Cell Culture
HK-2 (human proximal tubule cells) cells were obtained
from ATCC (Manassas, VA, USA) and maintained in a
mixture of Ham’s F12 and Dulbecco’s modified Eagle’s
medium (DMEM:F12; Life Technologies, Carlsbad,
CA, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Life Technologies), 50 units
penicillin G, and 6 mg streptomycin/mL (Life Tech-
nologies) at 37◦C in 5% CO2 atmosphere. Experiments
were performed with cells grown to 80% confluence.

Cell Treatment
Cells were divided into seven groups as follows: (1) Con-
trol group (n = 6): cells were maintained in DMEM:F12
supplemented with 10% FBS for 18 h; (2) Cis group
(n = 6): cells were treated with 100 µM of cisplatin
for 18 h; (3) Nec-1 + Cis group (n = 6): cells were
pretreated with 50 µM of Nec-1 for 6 h. Nec-1 was
removed after this time and the cells were washed twice
with phosphate-buffered saline (PBS) and treated with
100 µM of cisplatin for 18 h; (4) Cis + z-VAD group
(n = 6): cells were treated with 100 µM of cisplatin and
50 µM of z-VAD-fmk for 18 h; (5) Nec-1 + Cis + z-
VAD group (n = 6): cells were pretreated with 50 µM
of Nec-1 for 6 h. Nec-1 was removed after this time
and the cells were washed twice with PBS and treated
with 100 µM of cisplatin and 50 µM of z-VAD-fmk
for 18 h; (6) z-VAD group (n = 6): cells were treated
with 50 µM of z-VAD-fmk for 18 h; and (7) Nec-1 group
(n = 6): cells were treated with 50 µM of Nec-1 for 6
h. Nec-1 was removed after this time and the cells were
washed twice with PBS and maintained in DMEM:F12
supplemented with 10% FBS for 18 h.

Cell Viability and Apoptosis
To evaluate viability and apoptosis after treatment the
cells were washed with PBS and 2 × 105 cells were
transferred to each tube with 5 µL Annexin V-FITC
(Becton Dickinson), 4 µL of propidium iodide (PI; Bec-
ton Dickinson), and 400 µL of binding buffer (Becton
Dickinson). The cells were then incubated for 20 min
at room temperature in the dark. The following controls
were used: unstained cells, cells stained with Annexin
V-FITC (no PI), cells stained with PI (no Annexin
V-FITC), and cells stained with Annexin V-FITC/PI.
The degree of viability and apoptosis was assessed by
flow cytometry (FACSCanto analyzer; Becton Dickin-
son Immunocytometry Systems). Cells staining positive
for PI were considered as dead cells (necrosis or late
apoptosis), cells staining positive only for Annexin V-
FITC were considered as apoptotic cells, and cells
staining negative for both PI and Annexin V-FITC were
considered as viable cells.

Fluorescent Microscopy
HK-2 cells were washed with PBS three times, cen-
trifuged, resuspended in PBS, and incubated with 10
µL of Hoechst solution (1.0 mM) in dark chamber at
room temperature for 10 min. Cells were viewed by flu-
orescence microscopy using a UV filter. Apoptotic cells
exhibit intense blue fluorescence.

Statistical Analyses
The results expressed as mean ± SD were used in
cell culture experiments, where cell numbers were large
enough to assume normal distribution. Statistical sig-
nificance for differences among groups was tested by
one-way ANOVA, followed by Tukey’s tests for multi-
ple comparisons. The value of p < 0.05 was considered
as statistically significant.

RESULTS

z-VAD-fmk and Nec-1 Inhibit Cell Death in HK-2 Cells
Kidney injury was induced by 100 µM of cisplatin in
HK-2 cells after 18 h of treatment. Figure 1 shows
the apoptotic cells with Hoechst staining. Figure 1A–E
represents the Control group, Cis group, Nec-1 + Cis
group, Cis + z-VAD group, and Nec-1 + Cis + z-
VAD group, respectively. Apoptotic cells stained with
Hoechst appear as intense blue fluorescence. A sig-
nificant increase in the percentage of apoptosis was
observed between the Control group and the Cis group,
3.9 ± 0.6% and 14.6 ± 1.4%, respectively (p < 0.05)
(Figure 2). The use of inhibitors z-VAD-fmk (50 µM)
alone or Nec-1 (50 µM) alone had no effect on cell
death (4.5 ± 1.6% and 5.6 ± 0.6%, respectively)
(p > 0.05). The Nec-1 pretreatment did not protect cells
from apoptosis caused by cisplatin. The Nec-1 + Cis
group showed 13.4 ± 1.7% of apoptotic cells, while the
Cis group showed 14.6 ± 1.4% (p > 0.05) (Figure 2).
As expected, the pan-caspase inhibitor blocked the
apoptosis. Figure 2 shows that apoptosis in the Cis +
z-VAD group (2.7 ± 0.6%) was significantly lower than
the Cis group (14.6 ± 1.4%) (p < 0.05). The concomi-
tant use of z-VAD-fmk and Nec-1 inhibited cell death,
as shown by the Nec-1 + Cis + z-VAD group (2.2 ±
0.8%) versus Cis group (3.9 ± 0.6%) (p < 0.05) and
Nec-1 + Cis + z-VAD group (2.2 ± 0.8%) versus Cis +
z-VAD group (2.7 ± 0.6%) (p > 0.05). The percentage
of apoptosis in Nec-1 + Cis group (13.4 ± 1.7%) shows
that Nec-1 had no effect in the apoptotic cell death while
the percentage of apoptotic cells in the Cis + z-VAD
group (2.7 ± 0.6%) shows the ability of z-VAD to block
the apoptosis (p < 0.05 for Nec-1 + Cis group vs. Cis
+ z-VAD group).

Additive Protective Effect of Inhibitors on Cell Death
The pretreatment with Nec-1 (50 µM) alone or z-VAD-
fmk (50 µM) alone had no effect on cell viability (65.8
± 1.7% and 63.8 ± 3.3%, respectively). We can see
this by comparing Nec-1 group (65.8 ± 1.7%) with
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Figure 1. Representative fluorescence microscopy images of human proximal tubule cells (HK-2): (A) Control group, (B) Cis group, (C)
Nec-1 + Cis group, (D) Cis + z-VAD group, and (E) Nec-1 + Cis + z-VAD group.
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Figure 2. Protective effects of inhibitors [necrostatin-1 (Nec-
1) and benzyloxy-carbonyl-Val-Ala-Asp-fluoromethyl ketone (z-
VAD-fmk)] on apoptosis induced by cisplatin in human proximal
tubule cells (HK-2).
Note: ∗p < 0.05, Cis group and Nec-1 + Cis group versus Control
group, #p < 0.05, Cis group and Nec-1 + Cis group versus Nec-1
+ Cis + z-VAD group.

Control group (73.1 ± 1.7%) (p > 0.05); z-VAD-fmk
group (63.8 ± 3.3%) with Control group (73.1 ± 1.7%)
(p > 0.05); and Nec-1 group (65.8 ± 1.7%) with z-
VAD-fmk group (63.8 ± 3.3%) (p > 0.05). In Figure 3
we show that cisplatin treatment significantly decreased
cell viability from 73.1 ± 1.7% (Control group) to 35.5
± 2.2% (Cis group) (p < 0.05). The combination of
Nec-1 and cisplatin significantly decreased cell viabil-
ity from 73.1 ± 1.7% (Control group) to 34.2 ± 5.2%
(Nec-1 + Cis group) (p < 0.05) (Figure 3). We can
see a difference in viability between the Cis + z-VAD
group and the Control group (51.5 ± 10.4% and 73.1
± 1.7%, respectively) (p < 0.05) (Figure 3). And, we
did not observe difference in cell viability between the
Control group (73.1 ± 1.7%) and the Nec-1 + Cis +
z-VAD group (72.9 ± 6.3%) (p > 0.05), as shown in
Figure 3.

Figure 4 shows flow cytometry analysis of one sample
of six studied in each group. The percentage repre-
sents the number of cells in each region with the
region Q1 containing the necrotic population (Annexin
V-negative/PI-positive), region Q2 containing the late
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Figure 3. The effects of inhibitors [necrostatin-1 (Nec-1) and
benzyloxy-carbonyl-Val-Ala-Asp-fluoromethyl ketone (z-VAD-
fmk)] on cell viability in human proximal tubule cells (HK-2)
treated with cisplatin.
Note: ∗p < 0.05, Cis group, Nec-1 + Cis group and Cis + z-
VAD group versus Control group, #p < 0.05, Cis group, Nec-1 +
Cis group and Cis + z-VAD group versus Nec-1 + Cis + z-VAD
group.

apoptosis cells (double positive), region Q3 contain-
ing the viable population (double negative), and region
Q4 containing the apoptotic population (Annexin V-
positive/PI-negative). Figure 4A–E represents the Con-
trol group, Cis group, Nec-1 + Cis group, Cis + z-VAD
group, and Nec-1 + Cis + z-VAD group, respectively.

DISCUSSION

Our study shows that Nec-1—a specific inhibitor of
necroptosis—increased cell viability in in vitro models
of AKI. We investigated the efficacy of combined use of
apoptosis and necroptosis inhibitors in human proximal
kidney cells (HK-2).

AKI involves two mechanisms of cell death called
necrosis and apoptosis. The morphological differences
between these two types of cell death are listed in
Table 1. Apoptosis inhibition through the use of gen-
eral pan-caspase inhibitor was widely used in several
kidney injury models with moderate effectiveness in
blocking cell death.5–11,14–18 As we can see in Figure 2

© 2012 Informa Healthcare USA, Inc.
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Figure 4. Flow cytometry analysis of apoptosis induced by cisplatin in human proximal tubule cells (HK-2): (A) Control group, (B) Cis
group, (C) Nec-1 + Cis group, (D) Cis + z-VAD group, and (E) Nec-1 + Cis + z-VAD group.
Note: PI, propidium iodide.

Table 1. Morphological features of necrosis and apoptosis.

Cell death Characteristics Reference(s)

Necrosis Accidental and uncontrolled/
massive tissue damage

12,4

Membrane and organelle
disruption/cell swelling/
mitochondria impairment/cell
lyses/inflammatory response

13

Apoptosis Controlled cell death/energy
dependent

14,15

Cytoplasm and chromatin
condensation/DNA
degradation/nuclear
fragmentation/cell shrinkage/
plasma membrane blebbing/
formation of apoptotic bodies

16

the combined use of pan-caspase inhibitor and cisplatin
(p < 0.05 for Cis + z-VAD group, 2.7 ± 0.6% vs.
Cis group, 14.6 ± 1.4%) decreased apoptosis. However,
cell viability was not completely reversed (Cis + z-VAD
group, 51.5 ± 10.4% vs. Control group, 73.1 ± 1.7%,
p > 0.05) (Figure 3) suggesting that the cell death in
AKI can occur through several mechanisms.

Recent studies show that in some models, such as
cardiac and cerebral ischemia,5–9 the apoptosis inhi-
bition does not stop the process of cell death, acti-
vating nonapoptotic pathways, which would act as
a cellular backup mechanism to eliminate damaged
cells.5

The necroptosis, identified by Degterev et al. 5,
is a type of nonapoptotic cell death. It is a caspase-
independent process, shows necrotic morphology, and
can be blocked by a specific necroptosis inhibitor—
Nec-1. Degterev et al. 5 showed that neuronal mod-
els that block both cell death pathways, namely,

apoptosis and necroptosis, by caspase inhibitors and
Nec-1 inhibitors, respectively, can provide additional
neuroprotective benefits. Smith’s group9 have con-
ducted studies in a model of myocardial ischemia-
reperfusion injury (in vivo and in vitro), showing that
Nec-1 has reduced infarct volume after middle cerebral
artery occlusion. Other studies show that sitosterol-
induced death in macrophages is caspase indepen-
dent and can be blocked by Nec-1.10,11 These studies
demonstrate the effectiveness of Nec-1 in blocking non-
apoptotic cell death in several in vivo and in vitro
models. But, further research is needed to gain a
greater understanding of the mechanism involved in
necroptosis.

In this study we observe that Nec-1 has no effect
on apoptosis in renal tubular epithelial cells, as shown
in Figure 2. The Nec-1 pretreatment did not protect
cells from apoptosis induced by cisplatin, as we can
see from the comparisons of viability rate between the
Control group (73.1 ± 1.7%) and the Nec-1 + Cis
group (34.2 ± 5.2%) (p < 0.05) and between the Nec-1
+ Cis group (34.2 ± 5.2%) and the Cis group (35.5
± 2.2%) (p > 0.05). These results are in agreement
with data reported in previous studies5–8 showing that
necroptosis is activated under conditions where apopto-
sis is inhibited. Thus, Nec-1, like a specific inhibitor of
necroptosis, has effect only when apoptosis is blocked.
The combined use of Nec-1 and general pan-caspase
inhibitor (Nec-1 + Cis + z-VAD group, 72.9 ± 6.3%)
allowed us to obtain cell viability above 20% compared
with the group treated with cisplatin and z-VAD (Cis
+ z-VAD group, 51.5 ± 10.4%) (p < 0.05), as shown
in Figure 3. These findings suggest that the additional
protective effect observed in the Nec-1 + Cis + z-VAD
group is due to the action of Nec-1 on nonapoptotic cell
death (necroptosis).
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The incidence of AKI is between 0.7% and 1% in
patients admitted to a general hospital and 30% in
patients admitted to an intensive care unit.19 Even with
advances in treatment, the development of kidney injury
is still associated with high mortality rates, ranging from
40% to 90%.20,21 Thus, it is necessary to study new
therapeutic strategies.

Our results show that the use of inhibitors of dif-
ferent cell death pathways in renal cells offers additive
cytoprotection. In vivo model studies show that both
z-VAD-fmk22 and Nec-110 inhibitors have no toxic or
side effects, suggesting that the combined use of these
inhibitors could be a clinically useful tool. Furthermore,
this is the first study to demonstrate that Nec-1 inhibits
tubular kidney cell death and restores cell viability via a
nonapoptotic mechanism (necroptosis).

In summary, necroptosis might be an important
mode of cell death in kidney injury. The cytoprotection
demonstrated with Nec-1 supports this fact. Finally,
our results have potential relevance suggesting that the
combined use of apoptosis and necroptosis inhibitors
can provide additional cytoprotection in AKI. Nonethe-
less, further studies are needed to better understand
the mechanisms by which necroptosis occurs in kidney
injury.
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