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Abstract

RIPK3 is a key regulator of necroptosis, but the specific roles of its kinase-dependent and -
independent functions in disease pathogenesis remain poorly understood. Here, we generated and
characterized RIPK3 DI143N kinase-dead knock-in mice, a novel kinase-inactive model that
selectively disrupts RIPK3 kinase activity without inducing spontaneous apoptosis. Unlike
previously reported kinase-inactive Ripk3P!6/NVPI6IN mice, which exhibit embryonic lethality by
triggering apoptosis, Ripk3P!#3NDPI143N mice are viable and fertile, demonstrating that RIPK3 kinase
activity 1s dispensable for development. The RIPK3 DI143N mutation effectively blocks
necroptosis induced by multiple stimuli and fully rescues embryonic lethality of caspase-8-
deficient mice. Notably, Ripk3P!#3NVPI43N mice were significantly less protected from TNF-driven
inflammatory disease than RIPK3-deficient mice, revealing a critical kinase-independent role for
RIPK3. This scaffold function drives inflammation and tissue damage through JAK-STATI
activation, as pharmacological inhibition of JAK1/2 effectively reduces disease pathogenesis. Thus,
our findings establish Ripk3P!#3NPI143N mice as a valuable model for dissecting the kinase and
scaffold functions of RIPK3, and highlights the therapeutic potential of targeting its scaffold

function in inflammatory diseases.
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Introduction

Apoptosis is a well-characterized form of programmed cell death mediated by caspase
activation [1,2]. The extrinsic apoptotic pathway is initiated by death receptor signaling, leading
to caspase-8 activation, while the intrinsic pathway involves mitochondrial signaling and caspase-
9 activation[3,4]. Both pathways further activate the executioner caspase-3 and caspase-7 to
mediate apoptotic cell death [5]. When caspase-8 activity is compromised, cells undergo
necroptosis, which is a form of regulated necrosis tightly regulated by RIP kinases RIPK1 and

RIPK3[5-11].

Necroptosis plays critical roles in inflammatory diseases[12,13], neurodegenerative
diseases[14-16], and host defense against pathogens[17,18]. In TNF-induced necroptosis,
inhibition or genetic deletion of caspase-8 (Casp-8) or FADD impairs apoptotic signaling and
induces RIPK1 phosphorylation[19]. Activated RIPK1 then recruits and activates RIPK3 through
RIP homotypic interaction motif (RHIM) domain-mediated interaction, forming the necrosome
complex[20-22]. In addition to TNF signaling, toll-like receptor3/4 (TLR3/4) [23,24], Z-DNA-
binding proteinl (ZBP1/DAI) [25,26], and pathogen sensors[18,21] can also activate RIPK3,
which functions as a central regulator of necroptosis. Activated RIPK3 phosphorylates mixed
lineage kinase domain-like pseudokinase (MLKL), triggering its oligomerization and plasma
membrane translocation to mediate necrosis[27-29]. Necroptosis causes plasma membrane
breakdown, leading to the release of intracellular contents and DAMPs that amplify inflammatory

responses[30].



Although the kinase activity of RIPK3 is essential for necroptosis, evidence suggests a kinase-
independent function of RIPK3 in regulating apoptosis. However, RIPK3 kinase inhibitors (e.g.
GSK'872) directly induce apoptosis, and the DI161N kinase-dead mutation causes embryonic
lethality in mice[31-34]. This occurs because kinase site alterations promote conformational
changes in RIPK3 that expose its RHIM domain, facilitating recruitment of the RIPK1-FADD-
caspase-8 complex to activate apoptosis[35]. Notably, this RIPK3/RIPK1-dependent apoptosis
pathway differs from classical TNF-induced RIPK 1-mediated apoptosis and is resistant to RIPK 1
kinase inhibition[36,37]. Additionally, both RIPK3-dependent necroptosis (kinase-dependent) and
RIPK3-mediated apoptosis (kinase-independent) contribute to the pathogenesis of influenza A
virus (IAV) infection[38,39], highlighting the intricate functions of RIPK3 in modulating cell death

and disease via kinase-dependent and kinase-independent mechanisms.

While RIPK3-dependent necroptosis is a driver of inflammation, emerging evidence indicates
that RIPK3 also promotes pro-inflammatory cytokine production through cell death-independent
mechanisms[6]. Genetic ablation of RIPK3 markedly ameliorates inflammation and tissue damage
in diverse inflammatory disorders, including TNF-induced systemic inflammatory response
syndrome (SIRS)[13,40], graft-versus-host disease (GVHD)[12,41], amyotrophic lateral
sclerosis(ALS)[42], sepsis[43], kidney and heart ischemia-reperfusion injury[44] and acute

pancreatitis[20].” Both RIPK3-mediated necroptosis (kinase-dependent) and apoptosis (kinase-

independent) contribute to the pathogenesis of IAV infection[38,45-47], highlighting the intricate
functions of RIPK3 in modulating cell death and disease via kinase-dependent and kinase-

independent mechanisms. Although these findings demonstrate the critical roles of RIPK3 in



pathogenesis, the pathogenic contributions of its kinase-dependent and kinase-independent

activities remain poorly defined.

In this study, we establish a novel kinase-inactive RIPK3 mouse model (Ripk3P!#3NPI43N) o
define the precise role of RIPK3 kinase activity in cell death and inflammation. The viable and
fertile RIPK3 D143N mice completely rescue caspase-8-deficiency-induced embryonic lethality.
Notably, using this model, we demonstrate critical contributions of RIPK3 scaffold functions in
TNF-induced SIRS through promoting JAK-STAT1 signaling. Pharmacological JAK1/2 inhibition
ameliorated hypothermia and pathological damage in cecum. Our study reveals the scaffold
function of RIPK3 in driving inflammatory disorder and provides new insights for therapeutic

strategies targeting RIPK3 scaffold beyond its kinase activity.

Results

The kinase-inactive Ripk3P1#NDI4N

mice develop normally

Current RIPK3 kinase-inactive models, such as the embryonic-lethal D161N mutation and
the poorly expressed K51A variant[32,37], have limitations, prompting the need for new models.
Structural modeling of the murine RIPK3 kinase domain revealed close spatial proximity between
D143 and D161 residues (Fig. 1A). To examine the impact of the kinase-dead D143N mutant on
apoptosis, which has been reported not to spontaneously induce cell death in 3T3-SA cells [37].
Ripk3”- mouse embryonic fibroblasts (MEFs) were transduced with wild-type (WT), D143N, or
D161N RIPK3. Notably, only RIPK3 D161N-expressing MEFs exhibited significant cell death,

which was completely abolished by caspase inhibition with the treatment of pan-caspase inhibitor

z-VAD, while no cell death was induced in cells expressing RIPK3 D143N (Fig. 1B). Similar



induction of apoptosis was observed in human HeLa and 293T cells expressing the corresponding
RIPK3 variants D160N, but not D142N (Fig. 1C; Fig. S1A-B). D160N RIPK3, but not WT or
D142N variant, triggered the cleavage of caspase-3 and PARP, leading to apoptosis in HeLa cells
(Fig. 1D). These results suggest that RIPK3 D143N does not induce spontaneous apoptosis. To
investigate the physiological role of RIPK3 kinase inactivation, Ripk3P!#NPI43N knock-in mice
were generated (Fig. S2A). In contrast to the embryonic lethality of Ripk3P!6/NPISIN mijce,
Ripk3P1#$3NDIEN mice were viable and fertile (Fig. 1E-F). Notably, the protein level of RIPK3,
RIPK1 and MLKL in Ripk3P!43NDPI43N mice is consistent with littermate Ripk3™* mice (Fig. S2B).
Histopathological examination of mouse tissues, including liver, spleen, lung, kidney, and small

intestine, showed no abnormalities in Ripk3P/#3NVPI4N mice (Fig. 1G).

Evidence revealed that kinase inhibitors of RIPK3 induce apoptosis at high
concentrations[37]. The RIPK3 kinase inhibitor GSK’872 has a high affinity for binding to the
RIPK3 kinase domain and triggers caspase activation, leading to apoptotic cell death [31,37]. Our
findings showed that treatment with GSK’872 induced robust cell death and cleavage of caspase-
3 in Ripk3™* MEFs, but not in Ripk3~ or Ripk3P!#3VP143N MEFs (Fig. 1H-J), which consistent with
previous studies[48], indicating that the RIPK3 D143N mutation protects against GSK'872-
induced apoptosis. Collectively, Ripk3P!#3¥PI43N mice exhibited normal development without
spontaneous apoptosis.

Ripk3P1#BNDIEN mice-derived cells exert defective necroptosis
The kinase activity of RIPK3 1is indispensable for necroptosis through MLKL

phosphorylation [20-22]. To characterize the functional impact of RIPK3 D143N mutation on



necroptotic signaling, primary MEFs from Ripk3**, Ripk3P!#3NPI4N and Ripk3” mice were
treated with necroptotic stimuli. Both Ripk3P!43NDPI4N and Ripk3”- MEFs displayed complete
resistance to TNF -induced necroptosis (Fig. 2A), which was consistently observed in primary
BMDMs (Fig. 2B). Similar necroptosis resistance was evident in MEFs challenged with Herpes
Simplex Virus Type 1 (HSV-1) infection (Fig. 2C) and BMDMs subjected to TLR3/4 activation
(Fig. 2D). Notably, the phosphorylation of RIPK3 and MLKL were completely abolished by
RIPK3 D143N mutation in both MEFs and BMDMs (Fig. 2E-F). The kinase activity of RIPK3 is
required for its interaction with MLKL, which is critical for necroptosis execution[27]. Similar to
RIPK3 D161N mutation, the RIPK3 D143N mutation disrupted the formation of RIPK3-MLKL
complex (Fig. 2G), and still maintained interaction with RIPK1, though the binding appears
attenuated compared to wild-type RIPK3 (Fig. S3). These results demonstrate that D143N
mutation of RIPK3 prevents its activation and interaction with MLKL, thereby blocking

necroptosis.

RIPK3 D143N mutant rescues the embryonic lethality caused by caspase-8 deficiency
Caspase-8-deficient mice exhibit embryonic lethality due to robust necroptosis and impaired
vascular, cardiac and hematopoietic development, which is entirely rescued by RIPK3
deletion[21,49]. To examine the effect of RIPK3 DI143N mutation in mouse embryonic
development, Ripk3P!#3NPI43N mice were interbred with Caspase (Casp)8™ mice. We found that
homozygous RIPK3 D143N mutation completely rescued caspase-8 deletion-caused lethality in
mice (Fig. 3A). Casp8’ Ripk3P!#3NDPI143N mice exhibited similar RIPK3 protein level compared to
control Ripk3*" mice (Fig. 3B). Besides, Casp8™ Ripk3P!#NPI43N mice displayed normal fertility

(Fig. 3C). Additionally, BMDMSs from Ripk3P!#3NDPI43N or Casp8’ Ripk3P!#3NDPI143N mice exhibit



complete resistance to necroptosis induced by TLR4 or TNFR1 activation, demonstrating the key
role of RIPK3 kinase activity in necroptosis (Fig. 3D-E). Together, these results establish that the
RIPK3 D143N mutation effectively prevents caspase-8 deficiency-induced embryonic lethality by

blocking RIPK3-dependent necroptosis.

RIPK3 D143N mutation in mice confers less protection against TNF-induced SIRS compared
to RIPK3 deletion

Emerging evidence implicates RIPK3 in the regulation of multiple pathological conditions
including SIRS[40]. To delineate the kinase-dependent and -independent functions of RIPK3,
Ripk3™*, Ripk3-, Ripk3P1#3NDPI43N and Ripk3P'#3N* mice were challenged with TNF, then survival
rate and body temperature of mice were continuously monitored. Our findings demonstrated that
RIPK3 deficiency markedly protected mice from TNF-induced lethal shock, while was mildly but
significantly attenuated in Ripk3P!#VPI43N mice (Fig. 4A-B). Similarly, RIPK3 D143N mutant
conferred partial protection against cecum damage compared to RIPK3 deficiency (Fig. 4C).
SIRS-induced IL-6 production in serum was also partially reduced in Ripk3P!#NPI43N mice
compared to Ripk3” mice (Fig. 4D). These results suggest that RIPK3 mediates TNF-induced

SIRS through both kinase-dependent and -independent mechanisms.

To elucidate the kinase-independent function of RIPK3 in SIRS, we performed transcriptome
sequencing (RNA-seq) on cecal tissues from Ripk3™/*, Ripk3~ and Ripk3 P!#3NPI43N mice subjected
with TNF-a or the control PBS administration. Differentially expressed genes (DEGs) analysis
suggested that the expression of inflammation cytokines and chemokines were markedly repressed

in Ripk3”-mice compared to WT mice, this suppression was less evident in Ripk3 P/43NVPI43N mutant



mice (Fig. 4E). Pathway enrichment of DEGs revealed significant activation of innate immune
response and interferon (IFN) signaling pathway in Ripk3P!#VPI!43N mice compared to Ripk3”
mice (Fig. 4F), indicating a kinase-independent role of RIPK3 in regulating IFN signaling pathway.
Western blot analysis showed that TNF challenge induced activation of JAK-STAT1 and ERK
signaling pathways in cecum from both WT and Ripk3P!/#3NPI43N mice, whereas these responses
were abolished in Ripk3” mice (Fig. 4G). These results demonstrated that RIPK3 deletion, but not

D143N mutation, effectively suppressed JAK-STAT1 and ERK activation in TNF-induced SIRS.

Inhibition of JAK-STAT1 signaling mitigates TNF-induced SIRS in Ripk3P1#3VPI4N mice

To assess the functional contribution of JAK-STAT1 and ERK signaling to TNF-induced
pathogenesis in Ripk3P!#NPI43N mice, TNF-challenged Ripk3P!#NPI43N mice were administered
with JAK1/2 inhibitor ruxolitinib, ERK inhibitor SCH772984 or vehicle control. Notably,
pharmacological inhibition of JAK1/2, but not ERK, significantly ameliorated hypothermia in
Ripk3PI#$NDISN mice (Fig. 5A), while mitigated pathological damage in cecum (Fig. 5B), and
reduced systemic IL-6 level (Fig. 5C). The RIPK1 kinase inhibitor Zharp1-211[12] similar to
ruxolitinib also prevented SIRS in Ripk3P!#VPI43N mice (Fig. 5A-C), demonstrating RIPK1
kinase-dependent regulation of pathogenesis in Ripk3P!#NPI43N mice. Meanwhile, RIPKI
inhibition conferred stronger protection against SIRS than JAK1/2 inhibition in TNF challenged
Ripk3™* mice, which only partially attenuated the response (Fig. S4), those results support that
both RIPK3-mediated necroptosis and RIPK3 scaffold-driven inflammatory signaling act
synergistically in protection against TNF-induced SIRS. TUNEL staining analysis showed that
inhibition of RIPK1 kinase or JAK1/2 but not ERK significantly reduced cell death in the cecum

tissue (Fig. 5D). Notably, treatment with Zharp1-211 or ruxolitinib significantly suppressed STAT1



and ERK phosphorylation in Ripk3P!#3N¥PI143N mouse cecum (Fig. 5E). Collectively, these findings
demonstrate the scaffold function of RIPK3 plays an important role in driving inflammation and

pathology via JAK-STAT1 pathway in TNF-induced SIRS.

Discussion

RIPK3 critically regulates necroptosis, inflammation and promotes apoptosis under certain
conditions. Dissecting the distinct contribution of its kinase activity and non-kinase scaffold
function to disease pathogenesis is crucial for developing targeted therapeutic strategies. To
address this, we generated RIPK3 D143N knock-in mice, harboring a kinase-inactivate mutation.
RIPK3 DI143N knock-in mice were completely rescued from caspase-8 deficiency-induced
embryonic lethality. Importantly, genetically employing this model, we demonstrate that RIPK3
promotes JAK-STAT1 signaling to drive inflammation and tissue damage in TNF-induced SIRS
via a kinase-independent (scaffold) mechanism. Our findings establish the Ripk3P'#3NP!43N mouse
as a valuable genetic tool for dissecting kinase-dependent and kinase-independent RIPK3
functions and uncover the critical role of RIPK3 scaffold in the pathogenesis of inflammatory

disease.

Current research on RIPK3’s non-kinase functions largely depend on kinase-dead mutants
and kinase inhibitors. Studies have shown that the RIPK3 D161N kinase-dead mutation triggers
spontaneous caspase-8-dependent apoptosis, leading to embryonic lethality in mice[32]. RIPK3
K5TA mutation does not impair mouse viability and rescues caspase-8 deficiency-induced
embryonic lethality, however, this mutation markedly reduces RIPK3 protein expression in mouse

tissues[37]. Besides, although the Ripk34/4kinase mutation rescued embryonic lethality in Fadd”



embryos, Fadd’Ripk344 mice died within 1 day after birth due to massive inflammation[50].
Additionally, RIPK3 kinase inhibitors themselves can induce apoptosis[37], limiting the study of
RIPK3’s kinase-independent functions in disease contexts. Caspase-8 serves as a critical regulator
of apoptosis, with its deficiency leading to embryonic lethality in mice, which can be rescued by
RIPK3 deletion through prevention of caspase-8 deficiency-triggered necroptosis[49]. These
challenges highlight the need for more refined approaches to elucidate the non-kinase roles of
RIPK3 in disease pathogenesis. Notably, our study revealed that homozygous Ripk3P!#3NDI143N
mice prevented caspase-8 knockout-induced embryonic lethality, with the offspring exhibiting
normal viability, fertility and RIPK3 expression in tissues, which provided a powerful genetic tool
for dissecting RIPK3’s kinase-dependent and kinase-independent functions. Our study shown that
MEFs derived Ripk3P!#3NPI43N cells are protected from necroptosis without triggering spontaneous
apoptosis or RIPK3 inhibitor-induced apoptosis, consistent with observations from a recent

preprint [48]. However, the D143N mutation did not block GSK’872-induced apoptosis in 3T3-

SA cells [37], indicating that the effects of this mutation are cell type-dependent.

While RIPK3 has been implicated in inflammatory diseases, including TNF-induced
SIRS[13,40] and graft-versus-host disease (GVHD)[12], the specific contribution of its kinase-
dependent and kinase-independent functions remain unclear. In this study, we demonstrate that
both RIPK3 knockout and RIPK3 DI143N mutation prolonged mouse survival, mitigated
hypothermia, reduced cecal injury, and decreased systemic IL-6 level in TNF-induced SIRS, with
RIPK3 knockout exhibiting superior protection compared to RIPK3 D143N mutation. Our
findings suggest that both kinase-dependent necroptosis and kinase-independent function of

RIPK3 contribute to TNF-induced SIRS. Transcriptomic analysis of cecal tissues revealed that



both Ripk3” and Ripk3P!#NPI43N mice exhibited reduced inflammatory and chemokine gene
expression compared to WT controls. However, Ripk3P!#NPI43N mice displayed stronger
activation of IFN signaling pathway than Ripk3”~ mice, suggesting the non-kinase activity of
RIPK3 in potentiating IFN signaling. Furthermore, RIPK3 deficiency, but not RIPK3 D143N
mutation, inhibited the activation of STAT1 and ERK, and inhibition of JAK-STAT1 signaling
markedly alleviated TNF-induced SIRS in Ripk3P!#3NVPI43N mice. Inflammatory cytokines act
synergistically to drive cell death and amplify inflammatory responses [51]. TNF challenge in both
Ripk3"" and Ripk3P!#NPI4N mice led to a marked upregulation of inflammatory cytokines
promoting the activation of inflammatory signaling pathways such as the JAK-STAT1 pathway.
These results indicate that while RIPK3 kinase-dependent inflammatory necroptosis contributes
to TNF-induced SIRS, the kinase-independent function of RIPK3 in promoting JAK-STATI

activation also plays an important role in amplifying inflammation and tissue damage.

In our previous study, we found that RIPK1, but not RIPK3, could directly interact with
JAKI1[12]. In contrast, the present results demonstrate that the scaffold function of RIPK3
promotes the activation of the JAK/STAT1 pathway, and that this process depends on the kinase
activity of RIPK1. These findings suggest that the RIPK3 D143N mutation retains the scaffold
function to coordinate with RIPK1 to activate its kinase function, which in turn promotes the

activation of the JAK-STAT1 pathway.

In summary, our findings establish Ripk3P!#3NPI43N mice as a valuable genetic tool for
investigating the kinase-dependent and scaffold functions of RIPK3, providing crucial insights for

therapeutic targeting of RIPK3 kinase and scaffold functions in inflammatory disorders.



Materials and methods

Reagents and antibodies

Recombinant mouse TNF-a was purchased from GenScript. Smac mimetic was kindly provided
by Dr. Xiaodong Wang (National Institute of Biological Sciences, Beijing). z-VAD was purchased
from Selleck. LPS was purchased from Sigma Aldrich (L2630). Poly(I:C) was purchased from
InvivoGen (tlrl-pic). GSK’872 was purchased from Selleck. Zharpl-211 was synthesized as
previously described[12]. The following antibodies were used: mouse p-RIPK1 (53286, CST),
RIPK1 (610459, BD), mouse p-RIPK3 (91702, CST), mouse RIPK3 (2283, Prosci), human
RIPK3(13526, CST), mouse p-MLKL(ab196436, abcam), mouse MLKL (AP14272b, abgent), FI-
Caspase-3 (9662, CST), Cl-caspase-3 (9661,CST), Fl-caspase-8 (4790, CST), , PARP (9542, CST),
p-JAKI (74129, Abcam), JAK1 (50996, CST), p-STAT1 (9167, CST), STAT1 (14994, CST), p-
ERK (4370, CST), ERK (9102,CST), Anti-FLAG®M2 Affinity Gel (A2220, Sigma), Anti-Flag

HRP (A8592, Sigma), Actin (A2066, Sigma), GAPDH (R1210-1, HUABIO).

Cell culture

Human cervical carcinoma HeLa cells and embryonic kidney 293T cells were from ATCC. Mouse
embryonic fibroblast (MEF) and bone marrow-derived macrophages (BMDMs) were obtained as
previously described[20,52]. HeLa, 293T and MEF were cultured in DMEM medium
supplemented with 10% FBS and 1% penicillin-streptomycin. BMDMs were maintained in RPMI-
1640 medium supplemented with 10% FBS and 1% penicillin-streptomycin. All cells were

cultured at 37 °C and 5% CO:a.



Mice

Mouse line C57BL/6J Ripk3”- was kindly provided by Dr. Xiaodong Wang (National Institute of
Biological Sciences, Beijing). C57BL/6J Ripk3P!#3NDIHN = Ripk3PI43N* - Ripk3**, Caspase8”
Ripk37, Caspase8’ Ripk3P!#3NPIBN and Caspase8* Ripk3P'#N* mice were constructed in our
laboratory. 6-8-week-old female mice were used for the experiment. Mice were randomly assigned
to the experimental groups. All mice were maintained in the specific pathogen-free (SPF) facility

of the Suzhou Institute of Systems Medicine.

Ethics approval statement
All animal experiments were performed in accordance with protocols approved by the

Suzhou Institutes of Systems Medicine Institutional Animal Care and Use Committee

(ISM-IACUC-0037-R).

Cell viability assay
The cell viability was determined by measuring ATP levels using the Cell Titer-Glo Luminescent

Cell Viability Assay kit (Promega, USA) according to the manufacturer’s instructions.

Western blot analysis

Cell pellets or tissue samples were suspended using lysis buffer (20 mM Tris-HCI, pH 7.4, 150
mM NaCl, 1% Triton X-100, 10% glycerol, 25 mM pB-glycerol phosphate, 1 mM Na3zVOa)
containing PMSF and protease inhibitors. Cell lysate was incubated on ice for 20 min, followed
by centrifugation at 13 000xg for 20 min at 4 °C. Then supernatants were collected and subjected

to western blot analysis of the indicated proteins.



Cytometric Bead Array
Protein level of IL-6 in serum of mice subjected with TNF-a administration was determined using

the CBA Mouse Inflammation Kit (BD, 552364) according to the manufacturer’s protocols.

PI and TUNEL staining
Cells were seeded in plates and treated as indicated, then Propidium iodide (PI) staining was
conducted to evaluate cell death. TUNEL staining for detection of dead cells in cecal tissues was

performed according to manufacturer’s protocols (C1086, Beyotime).

H&E staining

Cecal tissues of mice were fixed in 4% PFA and embedded in paraffin, then H&E staining was
performed according to manufacturer’s protocols. The cecum histopathological scoring evaluates
three key parameters: (1) Inflammatory infiltration (O=normal; 0.5=scattered infiltrates without
wall thickening; 1=dense infiltrates without thickening; 2=dense infiltrates with marked wall
thickening), (2) Villus morphology (0O=normal; 0.5=shortened length; 1=shortened length with
reduced density; 2=focal villus loss), and (3) Paneth cells/crypt glands (O=normal; 0.5=Paneth cell
reduction; 1=mild reduction in both cell types; 2=severe depletion). Scores progress from 0
(normal) to 2 (severe) for each parameter, with intermediate 0.5 and 1 scores reflecting gradations

of pathological changes.

TNF-induced Systemic Inflammatory Response Syndrome (SIRS) model



C57BL/6 mice were intravenously injected with mouse TNF-a (0.25 pg/g). Mouse mortality and
anal temperature were monitored for the indicated time. Serum was collected 4 h after TNF-a
administration for further analysis. For inhibitor experiments, RIPK1 inhibitor Zharp1-211[12],
JAK1/2 inhibitor ruxolitinib[53], and ERK inhibitor SCH772984[54] were diluted in 7.3%
Cremophor EL, and then dissolved in sterile 67.5% PBS containing 22.5% PEG400 plus 2.7%

DMSO, and intraperitoneally injected 45 min before TNF-o administration.

Bulk RNA-seq analysis

C57BL/6 Ripk3™*, Ripk3” and Ripk3P!#NPI43N mice were intravenously injected with mouse
TNF-a (0.25 pg/g) for 4 h, and then cecum tissues were harvested. Total RNA of tissue samples
was extracted using TRIzol reagent (Vazyme) and sequenced on the [1lumina HiSeq platform. Gene
expression levels were quantified using the FPKM method with HTSeq. Differential gene
expression analysis was conducted with significant differences defined as a log2fold-change > 0.5
and a P value < 0.05. The raw data are available in the NCBI Gene Expression Omnibus (GEO)
database under accession number GSE305184. All data are available in the main text or the

supplementary materials.

Statistical analysis

Data were represented as means + SD or means £ SEM. All experiments were repeated at least 3
times with similar results. Statistical analysis was conducted using GraphPad Prism. Statistical
differences between groups were evaluated using one-way analysis of variance (ANOVA) or two-

way ANOVA followed by Tukey HSD post-hoc test. Survival curves were plotted using Kaplan-



Meier estimates and compared using the log-rank test. Graphical abstract was created in BioRender.

Yu, X. (2026) https://BioRender.com/p99d242

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding

author on reasonable request.
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Graphical abstract

Schematic diagram showing the kinase-dependent and kinase-independent function in cell
death and inflammation.

A novel kinase-inactive RIPK3 mouse model (Ripk3P!#3V/P143N) defines the kinase-dependent and

kinase-independent role of RIPK3 in cell death and inflammation.

Fig.1 The kinase-inactive Ripk3?!#VPI43N mice develop normally.

A The predicted structure of mouse RIPK3 kinase domain using ChimeraX, and the inlay panel
shows a magnified view of adenosine triphosphate pocket area. B Ripk3”- MEFs were transfected
with Vector, RIPK3 WT, RIPK3 D143N or RIPK3 D161N plasmid for 24 h, then cell viability and
the protein level of RIPK3 were determined.

C HeLa cells were transfected with Vector, RIPK3 WT, RIPK3 D142N or RIPK3 D160N plasmid
for 24 h, then cell viability and the protein level of RIPK3 were determined. D Western blot
analysis of RIPK3, full-caspase3, cl-caspase3, PARP and cl-PARP in HeLa cells transfected with
Vector, RIPK3 WT, RIPK3 D142N or RIPK3 D160N plasmids for 24 h. E Representative image
of 8-week-old Ripk3P!#NPI$N mice with littermate control Ripk3** mice. F Expected and
observed frequency of indicated offspring genotypes from intercrosses of Ripk3P'#N* mice. G

Representative images of H&E staining in indicated tissues of Ripk3*" and Ripk3P143NVPI43N mice,



Scale bar, 100 um. H Representative images of PI staining in MEFs of indicated mice treated with
GSK’872(10 uM) for 8 h. Scale bar, 50 um. I Cell viability of Ripk3™*, Ripk3” and
Ripk3P1#3NDI4N MEFs treated with GSK’872 or DMSO for 8 h. J Western blot analysis of full-
caspase3, cl-caspase3, and RIPK3 in MEFs of indicated mice treated with GSK’872 or DMSO for
8 h. Data were shown as the mean + SD. ****p <(.0001; ns, not significant. Multiple comparisons

were evaluated by two-way ANOVA (B-C; I) followed by Tukey HSD post-hoc test.

Fig. 2 Ripk3P1#3NDI43N mice-derived cells exert defective necroptosis.

A Representative image of PI staining in Ripk3**, Ripk3P143ND143N and Ripk3”- MEFs treated with
T+S+Z (TNFoa+Smac mimetic+z-VAD) for 16 h, and the quantification of PI positive cells was
determined. (TNFa: 40 ng/mL, Smac mimetic: 100 nM, z-VAD: 20 uM). Scale bar, 50 um. B Cell
viability of Ripk3**, Ripk3P143ND14N and Ripk3” BMDMs treated with T+S+Z or DMSO as
control for 24 h. C Cell viability of Ripk3*'*, Ripk3P143N/D143N and Ripk3’ MEFs infected with
HSV-1 (MOI=5) or Mock for 24 h. D Cell viability of Ripk3*'*, Ripk3P43N/D143N and Ripk3"
BMDMs treated with LPS+z-VAD (L+Z), Poly(l:C) +z-VAD (P+Z), Smac mimetic+z-VAD (S+2)
or DMSO as control for 24 h. (LPS: 20 ng/mL, Poly(l:C): 50 ug/mL). E Western blot analysis of
p-RIPK1, RIPK1, p-RIPK3, RIPK3, p-MLKL, and MLKL levels in Ripk3*/*, Ripk3P143N/D143N g
Ripk3”- MEFs treated with T+S+Z or DMSO as control for 6 h. F Western blot analysis of p-
RIPK1, RIPK1, p-RIPK3, RIPK3, p-MLKL, and MLKL levels in Ripk3**, Ripk3P43\/D143N gnd
Ripk3’- BMDMs treated with LPS+z-VAD, Smac mimetic+z-VAD or DMSO as control for 6 h.
G Co-immunoprecipitation analysis of MLKL interaction in lysates of 293T reconstituted with

RIPK3 WT, RIPK3 D143N, or RIPK3 D161N, and then immunoprecipitated for RIPK3. Data



were shown as the mean + SD. ****p < 0.0001, Multiple comparisons were evaluated by one-way

ANOVA (A) or two-way ANOVA (B-D) followed by Tukey HSD post-hoc test.

Fig. 3 RIPK3 D143N mutant rescues the embryonic lethality caused by caspase-8 deficiency.
A Expected and observed frequency of indicated offspring genotypes from intercrosses of Casp8™”
Ripk3P#3N " mice. B Western blot analysis of RIPK3 and Casp-8 in lymph node, spleen and thymus
of Ripk3** and Casp8’ Ripk3P!#3NPI43N mice. C Expected and observed frequency of indicated
offspring genotypes from intercrosses of Casp8--Ripk3P!#3NP143Nmice. D Cell viability of Ripk3*",
Ripk3PI$NDIBN - Casp8-Ripk3” and Casp8’ Ripk3P!#3NPI4N MEFs treated with LPS+z-VAD,
Smac mimetic+z-VAD or DMSO as control for 24 h. E The expression level of Casp-8 and RIPK3
in BMDMs of Ripk3™*, Ripk3P!#3NDPISBN  Casp8~Ripk3”~ and Casp8” Ripk3P!#3NPI4N mice. Data
were presented as mean &+ SD, ****p < (0.0001. Multiple comparisons were evaluated by two-way

ANOVA (D) followed by Tukey HSD post-hoc test.

Fig. 4 RIPK3 D143N mutation in mice confers less protection against TNF-induced SIRS
compared to RIPK3 deletion.

A Survival rate of Ripk3"* (n=15), Ripk3P!#N* (n=9), Ripk3P!#3NPI$N (n=11) and Ripk3”~ (n=13)
mice injected with recombinant mouse TNF-a (0.25 pg/g). B Rectal temperature of mice at
indicated time points post TNF-a injection. C Representative H&E images of cecal tissues of
indicated mice 4 h post TNF-a injection, and the quantification of pathological score was
determined. Scale bar, 50 um. Arrows indicate focal inflammatory infiltration and tissue damage
(epithelial disruption, crypt destruction). D Serum IL-6 protein level of indicated mice 4 h post

TNF-a or PBS injection. E RNA-seq was performed on cecal tissues from Ripk3*", Ripk3” and



Ripk3 PI#3NDISN mice 4 h post TNF-a or PBS treatment. Differentially expressed genes (DEGs)
were analyzed, and heatmap of cytokine- and chemokine-related genes was shown. F Functional
enrichment of differentially expressed genes (DEGs) in cecal tissues of Ripk3P!#NDPI43N mice
compared to Ripk3”- mice. G The expression of p-JAK1, JAK1, p-STAT1, STATI, p-ERK and
ERK in cecal tissues of mice injected with TNF-a or PBS as control. Each lane represents the
sample from an individual mouse. Data were presented as mean £ SEM, *p < 0.05, ***p <0.001,
*Exkp < 0.0001, ns, no significance. Survival comparisons were evaluated by log-rank test (A).
Multiple comparisons were evaluated by two-way ANOVA (B) and one-way ANOVA (C-D)

followed by Tukey HSD post-hoc test.

Fig. 5 Inhibition of JAK-STAT1 signaling mitigates TNF-induced SIRS in Ripk3P1#NDISN
mice.

A-C Ripk3P!#3NDI43N mice were intraperitoneally injected with vehicle (n=13), Zharp1-211 (5
mg/kg) (n=6), Ruxolitinib (30 mg/kg) (n=7) or SCH772984 (30 mg/kg) (n=5) for 45 min, followed
by the tail intravenous injection of mouse TNF-o. (0.25 pg/g). Ripk3** mice injected with vehicle
(n=5) as control. Body temperature loss (A) was monitored. The mice were sacrificed 4 h after
TNF-o administration, and histology of the cecal tissue was analyzed by H&E staining and the
representative images (B) were shown. Scale bar, 50 um. The serum concentration of IL-6 (C) was
measured. D Representative TUNEL images of cecal tissues of Ripk3P#3NDPI43N mice treated with
vehicle, Zharp1-211, Ruxolitinib or SCH772984, and the quantification of TUNEL" cells were
shown. Scale bar, 20 um. E The expression of p-STAT1, STAT1, p-ERK and ERK in cecal tissues

of Ripk3P!#3VD143N mice treated as indicated. Data were presented as mean + SEM, *p < 0.05, **p



<0.01, ***p <0.001, ***p <0.0001, ns, no significance. Multiple comparisons were evaluated by

two-way ANOVA (A) and one-way ANOVA (B-D) followed by Tukey HSD post-hoc test.
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