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Dear Editor, 

Receptor-interacting protein 3 (RIP3) is a serine/threonine 
protein kinase, which has extensive substrates including its 
cognate kinase RIP1 and multiple metabolic enzymes involv-
ing oxidative phosphorylation[1, 2].  RIP3 has been shown to be 
essential for development, immunity and some physiological 
or pathophysiological responses to exogenous and endoge-
nous stimuli[3–5].  In 2009, three groups independently reported 
that RIP3 acted as a molecular switch between apoptosis and 
necrosis (also called as necroptosis)[6–8].  Specifically, RIP3 
could turn tumor necrosis factor (TNF)-induced cell death 
from apoptosis to necrosis[6].  Most of small-molecule antican-
cer drugs elicit their anticancer effects via apoptotic induc-
tion[9].  However, it is unclear whether RIP3 affects the cellular 
sensitivity to small-molecule anticancer drugs.

We treated A cells (NIH 3T3 cells, murine fibroblasts, 
RIP3–/–; typically undergoing apoptosis in response to TNF 
stimulation) and N cells (NIH 3T3 cells, murine fibroblasts, 
RIP3+/+; undergoing necroptosis in response to TNF stimu-
lation)[6] with small-molecule anticancer drugs of different 
mechanisms of action.  Detection by sulforhodamine B assays 
showed that A cells and N cells displayed differential sensi-
tivity only to the examined topoisomerase I (Top1) inhibitors 
camptothecins.  RIP3-deficient A cells revealed 32.6- and 40.2-
fold higher sensitivity than RIP3-proficient N cells to SN38 
and chimmitecan[10], respectively (Figure 1A).  Such differen-

tial sensitivity was reflected as higher apoptosis rates (Figure 
1B) and more rapid G2/M arrest (Figure 1C) in A cells than 
in N cells treated with chimmitecan.  Consistently, exposure 
to chimmitecan caused faster reduction of the target protein 
Top1 in A cells than in N cells (Figure 1D); and the treatment 
with chimmitecan or SN38 drove more γ-H2AX formation (a 
molecular marker for DNA double-strand breaks; Figure 1E) 
and produced more foci of phosphorylated ataxia telangi-
ectasia mutated kinase (p-ATM) at Ser 1981 (sensing DNA 
double-strand breaks; Figures 1F and 1G) in A cells than in N 
cells.  These results collectively indicate that the differential 
sensitivity of the RIP3-deficient A cells and the RIP3-proficient 
N cells to the examined Top1 inhibitors in all the tested events 
from inducing DNA double-strand breaks through sensing the 
damage signals to eliciting the final biological effects including 
cell cycle arrest, apoptosis and proliferation/growth inhibi-
tion.

Both A cells and N cells were kindly gifted from Prof Jiahuai 
HAN, who used them to successfully demonstrate the role of 
RIP3 in regulating TNF-inducing cell death[6].  The differential 
sensitivity of the RIP3-deficient and proficient murine fibro-
blasts to the Top1 inhibitors suggests a role of RIP3 in deter-
mining the cellular sensitivity to those agents.  In this case, 
however, RIP3 does not seem to directly affect the choice of 
cell death between apoptosis and necrosis, because no signifi-
cant difference of the cellular sensitivity to the other examined 
anticancer drugs except camptothecins was detectable (data 
not shown) and because RIP3-based differential responses of 
A cells and N cells to the Top1 inhibitors took place actually at 
the levels of the target protein Top1 and DNA double-strand 
breaks, not only at the level of cell death.  In contrast, our 
data seem to imply that RIP3 is involved in the DNA damage 
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Figure 1.  Differential sensitivity of RIP3-deficient A cells and RIP3-proficient N cells to camptothecins.  (A) A cells and N cells displayed differential 
sensitivity to camptothecins.  A cells (RIP3–/–) and N cells (RIP3+/+) were treated with gradient concentrations of chimmitecan or SN38 (10, 2, 0.4, 0.08, 
0.016, and 0.0032 μmol/L) for 72 h.  Cell viability was then determined by sulforhodamine B assays.  The IC50 value was calculated by SoftMax® Pro 
Software and the data from three independent experiments were presented as mean±SD.  (B) Exposure to chimmitecan for 24 h resulted in higher 
apoptosis rates in A cells.  Both A cells and N cells were treated with the indicated concentrations of chimmitecan or vehicle for 24 h, then stained 
with an annexin V antibody and propidium iodide (PI), and analyzed by flow cytometry.  The numbers represent apoptotic percentages.  (C) Exposure of 
A cells and N cells to chimmitecan for 24 h induced G2/M arrest.  Both cells were treated with chimmitecan or vehicle for 24 h, fixed, stained with PI, 
and analyzed by flow cytometry.  (D) Faster reduction of Top1 protein in A cells.  Cells were treated with 10 000 nmol/L chimmitecan for the indicated 
times.  Total cell lysates were collected and subjected to SDS-PAGE gels for Western blotting analyses.  The protein levels of RIP3, Top1, and GAPDH 
were determined.  (E) Faster formation of γ-H2AX in A cells.  The levels of γ-H2AX were detected by Western blotting at 1 h after the treatment with 
camptothecins.  (F) Higher levels of p-ATM at Ser1981 in A cells in responding to the treatment with chimmitecan.  Cells were treated with chimmitecan 
(400 nmol/L and 10 000 nmol/L) or vehicle for 1 h, fixed and stained with a specific antibody against the phosphorylated ATM at Ser1981 of (p-ATM, 
green foci) for fluorescence microscopy analyses.  Nuclei were identified by DAPI (4,6 diamidino-2-phenylindole) counterstaining (blue).  (G) Enlarged 
images of p-ATM at 10 000 nmol/L chimmitecan in Figure 1F.
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induced by the Top1 inhibitors and/or subsequent repair.  As 
a clinically important class of anticancer drugs, Top1 inhibi-
tors are extensively used to treat various solid tumors such 
as colon and lung cancers.  Occurrence of drug resistance to 
those inhibitors is a serious obstacle to successful therapy in 
the clinic[11].  The differential sensitivity of A cells and N cells 
to SN38 and chimmitecan also suggests that RIP3 could con-
tribute to cellular resistance to Top1 inhibitors.  Actually, we 
detected and found that RIP3 was expressed at high levels in 
cancer cells originated from different human tissues includ-
ing blood (K562), liver (SMMC-7402 and SMMC-7721), colon 
(HCT116), stomach (MKN45), lung (A549), breast (MDA-
MB-468, MDA-MB-231, T47D, and BT549), cervix (HeLa) and 
bone (Rh30) (data not shown).  Inhibition of RIP3 might be an 
alternative approach to circumventing drug resistance.  How-
ever, the exact molecular mechanisms remain to be further 
clarified.  

Taken together, our results demonstrate for the first time 
the differential sensitivity of the RIP3-deficient A cells and the 
RIP3-proficient N cells to Top1 inhibitors, suggesting a poten-
tial new role of RIP3 in Top1 inhibitor-induced DNA damage/
repair and cellular resistance to Top1 inhibitors, probably 
independently of its regulation in the choice of cell death 
modes.  
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