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Insights into the Molecular Mechanisms 
Regulating Necroptosis 

Necroptosis, a form of regulated cell death, has gained significant attention recently due to its 
involvement in various physiological and pathological processes. Necroptosis is a specialized form 
of programmed cell death that is tightly controlled by various signaling pathways, mediators, and 
immune responses (Fig. 1). Interferon-γ (IFN-γ) and Toll-like receptor 4 (TLR4) signaling pathways 
have been identified as critical regulators of necroptosis in macrophages. Understanding the 
underlying molecular mechanisms that govern necroptosis is essential for unraveling its role in 
immune responses and disease pathogenesis.

Introduction:
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Fig. 1 TNFR1-mediated cell death pathway of apoptosis vs. necroptosis.  
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RIPK3 and MLKL: Essential Players in IFN-γ 
Induced PS Exposure and Necroptosis 

The paper published in 2019 by Chen et al. titled “Interferon induces the cell surface exposure of 
phosphatidylserine (PS) by activating the protein MLKL in the absenc  +++e of caspase-8 activity” 
presents research findings on the role of RIPK3 in IFN-γ-induced PS exposur/;’[e in mouse embryonic 
fibroblasts (MEFs). The authors demonstrated that RIPK3 is necessary for PS exposure in MEFs. At the 
same time, RIPK3-activated oligomerization of the mixed lineage kinase domain-like protein (MLKL) 
protein is essential for IFN-γ induced PS exposure and the execution of necroptotic cell death in MEFs 1. 

Necroptosis is a non-apoptotic, regulated form of necrosis triggered by inducers such as tumor necrosis 
factor (TNF) binding to their receptors 2. It requires the activity of RIPK1 and RIPK3 and is mediated by 
activating MLKL. 3 Interferon (IFN) is classified into two groups, type I and type II, and both types of IFN 
induce the expression of hundreds of specific genes 4,5. 

This paper demonstrated that RIPK3 is necessary for IFN-γ-induced PS exposure and necroptosis in 
RIPK3-reconstituted iC8KO MEFs, immortalized caspase-8 knockout (iC8KO) mouse-derived embryonic 
fibroblasts with exogenously expressed RIPK3, and that MLKL is phosphorylated and oligomerized 
in IFN-γ treated MEFs before necroptosis. Furthermore, IFN-γ-induced PS exposure and necroptosis 
depends on RIPK1, RIPK3, and MLKL in various cells.   

This research highlights the role of RIPK3, MLKL, and IFN-γ in inducing PS exposure and necroptosis 
in MEFs and provides insights into the mechanisms underlying IFN-γ-induced PS exposure and the 
potential functions of MLKL in this process. Aided by the use of ProSci’s rabbit anti-RIPK3 antibody, 
these findings could lead to the development of new therapeutic strategies for targeting necroptosis in 
diseases such as cancer and infection.  

This white paper introduces the recent findings in molecular mechanisms that govern necroptosis as 
they relate to receptor-interacting protein kinases (RIPK) and provides examples of ProSci’s rabbit anti-
RIPK3 antibody (ProSci Cat#:            ) when used to analyze the expression of RIPK3 in various cell lines by 
Western Blot. 

ProSci LLC’s portfolio brings more than 25 years of antibody expertise in developing high quality 
single domain Variable Heavy domain of Heavy chain (VHH), recombinant, monoclonal, and polyclonal 
antibodies. In addition, our custom antibody services provide the flexibility to tailor antibody 
development and production for almost any need.

Interested in the use the RIPK antibodies in Immunology? 
Read our white paper on 

2283

			           “Exploring the Roles of RIPKs in Immune Responses, Inflammation, and Cell  Death: 
Recent Findings.”

https://www.prosci-inc.com/product/rip3-antibody-2283/
https://www.prosci-inc.com/blog/exploring-the-roles-of-ripks/
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Impact of RIPK1 K45A Mutation on Necroptosis, 
Cytokine Signaling, and Immune Response: 
An Altered Landscape of Inflammatory and 
Infection Susceptibility 
The paper published in 2016 by Shutinoski et al. titled “K45A mutation of RIPK1 results in poor 
necroptosis and cytokine signaling in macrophages, which impacts inflammatory responses in 
vivo” investigated the role of the kinase domain of RIPK1 in necroptosis and cytokine signaling 
in macrophages, and its consequent impact on inflammatory response in vivo. It also evaluated 
the effect of a K45A mutation of RIPK1 on the necroptosis of macrophages and the activation of 
inflammatory response 7. 

RIPK1 is essential for the induction of necroptosis and is triggered by the engagement of various 
Toll-like receptors (TLRs) and cytokine receptors 8,9. The phosphorylation of RIPK1 leads to the 
interaction of RIPK1 and RIPK3, which is necessary for necroptosis to occur 10. RIPK3 can also induce 
necroptosis independently of RIPK1 in certain cases 11. Furthermore, the MLKL protein is also essential 
for necroptosis, as its phosphorylation results in its oligomerization and translocation to the cell 
membrane, disrupting cellular integrity 12. Thus, RIPK1 and MLKL proteins play vital roles in the 
induction of necroptosis through their respective interactions and phosphorylation. 

In their study, the authors employed the RIPK1^K45A strain of mice to elucidate the crucial role 
of RIPK1 kinase activity in facilitating macrophage necroptosis. Through their investigations, they 
observed that the RIPK1^K45A mutation led to a decline in cytokine production, a reduction in 
the phosphorylation of RIPK1 and MLKL proteins, and an elevation in cell survival after treatments 
involving the combination of lipopolysaccharide (LPS) and a cell-permeable pan-caspase inhibitor 
(zVAD) as well as tumor necrosis factor alpha (TNFα) and zVAD. LPS/zVAD treatment was employed 
to induce necroptosis in macrophages, where macrophages were exposed to LPS along with zVAD. 
Similarly, TNFα/zVAD treatment entailed the application of TNFα, an inflammatory cytokine, in 
conjunction with zVAD to induce necroptosis in macrophages.  

Additionally, the researchers uncovered the regulatory influence of RIPK1 on TNFα signaling and its 
involvement in the transcriptional regulation of macrophage inflammatory protein-1 alpha (MIP-1α) 
and interleukin-1 alpha (IL-1α). Furthermore, the researchers made an intriguing observation that 
caspase-8 inhibitors heightened the occurrence of necroptosis in macrophages, particularly when the 
p38MAPK pathway was suppressed. 

This study demonstrated that lysine-45 of RIPK1 is required for RIPK1 auto-phosphorylation and cell 
death of macrophages induced by various stimuli, including LPS and TNF-α. RIPK1K45A macrophages 
were resistant to cell death induced by these stimuli and showed reduced phosphorylation of STAT1 
in response to LPS/ZVAD and TNF-α/ZVAD treatments. These results suggest that RIPK1K45A is 
involved in regulating cell death downstream of TNF-R engagement and plays a role in preventing 
excessive cell death in response to various stimuli. 
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These investigations provide significant insights into the roles of RIPK3, MLKL, and IFN-γ in the 
initiation of phosphatidylserine presentation and necroptosis in mouse embryonic fibroblasts 
(MEFs). Furthermore, it underscores the crucial roles of RIPK3 and MLKL in the IFN-γ-mediated 
phosphatidylserine display and the necroptosis pathway.  

In addition, a mutation in RIPK1, specifically RIPK1K45A, hinders the necroptosis of macrophages 
and the ignition of the inflammatory response. This research emphasizes the role of the RIPK1 
kinase domain in initiating necroptosis and cytokine signaling within macrophages and the 
subsequent effects on in vivo inflammatory responses.  

The ProSci rabbit anti-RIPK3 antibody was employed in this investigation to examine the 
expression of RIPK3 across different cell lines, playing a pivotal role in delineating RIPK1 kinase 
activity and its regulatory functions in necroptosis, inflammatory reactions, and cytokine signaling 
in macrophages. The results of these investigations have the potential to facilitate additional 
studies into the functions of RIPK3 and MLKL in the process of phosphatidylserine exposure and 
necroptosis, thereby advancing our comprehension of the underlying mechanisms of cell death 
in the immune system that leads to the development of new therapeutic strategies for targeting 
necroptosis in diseases such as cancer and infection. 

Visit our website to learn more about our anti-RIPK3 antibody and related antibodies 
needed to help with your research:

Conclusion: 

The study showed that phosphorylation of RIPK3 was attenuated in RIPK1K45A macrophages, 
indicating this kinase domain’s important role in promoting macrophage necroptosis. The RIPK3 
antibody was used to identify and measure the levels of RIPK3, as well as its interaction with RIPK1 
and MLKL using western blot. Overall, the results suggest that the RIPK3 antibody was essential in 
characterizing RIPK1 kinase activity and its role in regulating necroptosis, inflammatory response, and 
cytokine signaling in macrophages. 
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