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Ulcerative colitis (UC) is a pressing clinical issue currently lacking effective therapeutic approaches. Here
we conducted a screening on the natural compounds from traditional Chinese medicine to identify a po-
tent lead, shikonin (SHK), applying a necroptosis cell model. The potency for treating UC was confirmed in
a dextran sulfate sodium (DSS)-induced UC mouse model. Leveraging a photo-affinity labeling approach,
heat shock protein family A member 8 (HSPAS8), a key negative regulator of necroptosis, was identified as
the direct target of SHK. The in vivo protection of SHK were validated through targeting HSPA8 based on
necroptosis pathway. As a result, targeting HSPA8 by SHK or activate HSPAS8 significantly impairs necrop-
tosis signaling and mitigates UC. Our findings not only define HSPA8 as a novel therapeutic target for UC
but also highlight SHK as a promising lead for treatment of this symptom.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Ulcerative colitis (UC), a major subtype of inflammatory bowel
disease (IBD), is characterized by relapsing mucosal inflammation
with an unclear etiology [1]. Due to the rising incidence and
prevalence rates, UC has become a significant global health con-
cern [2]. It is now recognized as a progressive disease, as it car-
ries risks such as proximal extension, strictures, gut dysmotility,
anorectal dysfunction, the need for colectomy, hospitalization, col-
orectal cancer, disability, and a diminished quality of life [1]. In
1955, corticosteroids were introduced to treat active inflamma-
tion in UC, leading to a significant reduction in the mortality rate
among patients with moderate-to-severe UC [3]. However, their
prolonged use is associated with significant adverse effects, such as
osteoporosis, depression, moon face, type 2 diabetes mellitus, and
cataracts [4]. Managing steroid-refractory patients especially those
who are corticosteroid-dependent or -resistant remains a major
clinical challenge [5].

The advanced biological therapies include targeting cytokines
(e.g., tumor necrosis factor-alpha (TNF-«), interleukin (IL)-12/23)
and adhesion molecules (e.g., 487 integrin) [6]. However, these
therapies are not universally effective: primary or secondary non-
response occurs in a substantial subset of patients, and up to 20 %-
30% of individuals still require colectomy due to treatment failure
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or the development of dysplasia [7]. Besides, current research fo-
cuses on advancing precision medicine, such as using biomarkers
to guide personalized therapy and developing novel agents (e.g.,
JAK inhibitors, microbiome modulators, stem cell therapies) to ad-
dress unmet needs in refractory disease [8]. Through these endeav-
ors, the incidence rate has stabilized in Western countries, where
the condition remains highly prevalent as a global health con-
cern due to the increasing rates observed in developing nations
[2]. This trend not only imposes a significant socioeconomic bur-
den but also leads to a decline in patient well-being. Pathophysio-
logically, UC results from complex interactions among genetic pre-
disposition, environmental triggers, immune dysregulation, and in-
testinal microbiota imbalance, with the precise molecular mecha-
nisms still being actively investigated [1]. In recent years, necropto-
sis has emerged as a critical focus in UC pathogenesis research [9].
Necroptosis is a caspase-independent form of regulated cell death,
dysregulated by its core signaling cascade, receptor-interacting pro-
tein kinases 1 and 3 (RIPK1/RIPK3) and mixed lineage kinase
domain-like protein (MLKL) [10]. The intestinal epithelial cell (IEC)
necroptosis disrupts mucosal barrier integrity, enhances inflamma-
tory cell infiltration, and amplifies pro-inflammatory cytokine re-
lease, collectively exacerbating intestinal inflammation [11]. Pier-
domenico et al. found necroptosis was active in children with IBD
and contributed to strengthen the intestinal inflammatory process
[12]. It was found that necroptosis was prevented by knocking out
MLKL, in a dextran sulfate sodium (DSS) induced experimental col-
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itis [13]. Inhibiting necroptosis by chemicals significantly allevi-
ated DSS-induced colitis in vivo, cell death and inflammatory re-
sponse [14]. Thus, inhibiting excessive necroptosis may represent a
promising therapeutic approach for UC. Nevertheless, the function
of genes with abnormal regulation that drive necroptosis in UC re-
mains largely uninvestigated.

To further delineate the necroptosis signaling and identify novel
therapeutic agents of UC, we assembled a structurally diverse nat-
ural compounds from traditional Chinese medicine (TCM) and eval-
uated the anti-necroptosis potential through screening. Shikonin
(SHK), a principal bioactive constituent of Lithospermum erythrorhi-
zon root extract, was identified as an active compound against
necroptosis. It had a long-standing application in traditional
medicine, including anti-tumor, anti-inflammatory, immunomod-
ulatory, and wound-healing activities [15]. We first demonstrate
here that SHK is a potent necroptosis inhibitor, investigating the
potency in a DSS-induced UC mouse model. For mechanism, SHK
exerts its protective effects by directly targeting heat shock protein
family A member 8 (HSPAS8), a key negative regulator of necrop-
tosis, and enhanced the ATPase activity of HSPA8. SHK treatment
could enhance HSPAS’s fibril disassembly activity. The in vivo pro-
tection of SHK were validated through targeting HSPA8 based on
necroptosis pathway. Our work suggests that HSPA8 is a novel
therapeutic target in necroptosis-mediating UC pathway, and SHK
is a promising anti-UC lead compound for treating necroptosis-
associated diseases.

We first generated a necroptosis model through TNF-¢;, Smac
mimetic SM-164, and pan-caspase inhibitor z-VAD-FMK (TSZ) stim-
ulation in human HT-29 cells [16]. A structurally diverse natural
compounds from TCM was screened was screened for their ability
to block the necroptosis at a concentration of 10 pmol/L (Fig. 1A
and Table S1 in Supporting information). Among them, a naphtho-
quinone compound, SHK, was found to clearly protect HT-29 cells
from TSZ-induced necroptosis with a cell viability higher than 90%.
A dose-response assay quantitatively determined the inhibitory po-
tency of SHK with a half-maximal effective concentration (ECsg)
value of 2.64+0.21 pmol/L (Fig. 1B). It also effectively inhibited
necroptosis induced by TNF-«, cycloheximide, and z-VAD-FMK
(TCZ, Fig. S1A in Supporting information). In human Eol-1 cells
and U937 cells, SHK could almost reverse TSZ-induced necropto-
sis at a concentration of 5 pmol/L (>90%, Fig. 1C). We found that
SHK dose-dependently protected from TNF-« and z-VAD-FMK (TZ)-
induced necroptosis at a concentration of 10 pumol/L in murine
1929 cells (Fig. 1D) and necroptosis induced by lipopolysaccharide
and z-VAD-FMK (LZ) at 3.125 pmol/L in murine RAW264.7 cells
(Fig. S1B in Supporting information). Remarkably, SHK did not pro-
tect cells from TNF-a plus Smac mimetic (TS) or cycloheximide
(TC)-induced apoptosis in HT-29 cells, suggesting that SHK specif-
ically inhibited the necroptosis pathway (Figs. S1C and D in Sup-
porting information). The entire process of necroptosis in HT-29
and 1929 cells with or without SHK was recorded by a live-cell
super-resolution panoramic microscopy (Fig. 1E and Supplemental
movies for Fig. 1D in Supporting information). In HT-29 cells, the
cell morphology became round at 4h after TSZ-induced necrop-
tosis, followed by swelling and membrane rupture. After 6h, all
the cells died. Differently, there was no significant change in cell
morphology with the treatment of SHK, and all cells survived at
6h after TSZ induced necroptosis. Similar changes were observed
in L929 cells after TZ-induced necroptosis with or without SHK,
which resulted in cell death within 5 h. Concurrently, following the
treatment of SHK, the cellular morphology exhibited a rounded
shape without inducing cell death, indicating an obvious protec-
tive effect. Our findings indicate that SHK is a potential inhibitor
specially toward necroptosis rather than apoptosis.

Necroptosis in systemic inflammatory response syndrome (SIRS)
has been well-documented [17]. The TZ-induced SIRS model trig-
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Fig. 1. SHK specifically inhibited necroptosis. (A) Schematic overview of Chinese
medicine monomer screen workflow. (B) Structure and protective effects of SHK on
TSZ models in HT-29 cells (n=3). (C) Protective effects of SHK on TSZ models in
EOL-1 and U937 cells. (D) Protective effect of SHK on TZ model in L929 cells. (E) A
live-cell imaging (MH-HoliView, Cheng Guan Optical Technology (Nantong) Co., Ltd.,
China) of HT-29 cells treated with TSZ, TSZ+SHK (8 pmol/L) and L929 cells treated
with TZ, TZ+ SHK (8 pmol/L). Scale bar: 10 pm (left), 5pm (right). (F) Survival rates
of SIRS models (n=12). (G) Body temperature of mice in SIRS models (n=12). (H,
I) Serum and tissue IL-18 and IL-6 concentrations (n=3). **P < 0.01, ***P < 0.001 vs.
TZ. Data are presented as mean + standard error of the mean (SEM).

gers severe inflammatory storms in mice, ultimately resulting in
hypothermia and mortality. All animal experiments were under-
taken in accordance with the National Institute of Health Guide
for the Care and Use of Laboratory Animals, with the approval
of the Animal Care and Use Committee of Naval Medical Univer-
sity, Shanghai, China. In this model, mice were firstly peritoneally
injected (i.p.) with z-VAD-FMK, and then intravenously injected
(i.v.) with TNF-«, and SHK at doses of 1.25, 2.5, or 5mg/kg was
given by orally administration 2 h before TNF-o«. We observed that
the body temperature of model mice dropped sharply to below
24°C within 10h. In contrast, mice treated with SHK were signif-
icantly protected from TNF-induced hypothermia and death (Fig.
1F). Survival analysis revealed that there was 100% mortality in
model mice, while the survival rates were 16.7% (low dose), 58.3%
(medium dose), and 91.7% (high dose) in mice treated with SHK
(n=12/group, P <0.001). The decrease in body temperature caused
by SIRS was significantly improved with SHK treatment (Fig. 1G).
The pro-inflammatory factors IL-18 and IL-6 in serum and differ-
ent organs were detected. IL-18 levels in lung, spleen, kidney, and
intestine were elevated in the model group, and significantly re-
duced in the SHK-treated group (high dose). IL-18 levels in serum,
heart, and brain were not significantly altered in both groups (Fig.
1H). IL-6 levels in serum and tissues were significantly higher in
the model group than in controls, whereas SHK treatment signifi-
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Fig. 2. SHK protects mice from DSS-induced UC. (A) Schematic overview of DSS-
induced UC and the intervention of SHK. (B, C) Effect of SHK on body weight and
DAI of mice (n=12). (D) Effect of SHK on colon length of mice (n=12). (E) Effect of
SHK on the pathomorphology of colon of mice (200x). Scale bar: 100 um. (F) Colon
tissue TNF-c, IL-18 and IL-6 concentrations (n=>5). (G, H) Inmunoblotting of path-
way proteins in mice colonic tissue; and grey scale analysis of necroptosis pathway
proteins (n=3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. DSS; *#P < 0.01, ##P < 0.001 vs.
control (CON). GAPDH, glyceraldehyde-3-phosphate dehydrogenase. Data are pre-
sented as mean + SEM.

cantly attenuated IL-6 elevation in both serum and tissues (Fig. 11).
In summary, SHK is capable of effectively suppressing the inflam-
matory storm induced by SIRS.

Subsequently, we evaluated the anti-inflammatory efficacy of
SHK in DSS-induced UC model [18,19], a condition that is dis-
tinctly linked to necroptosis. Except for the control group, all mice
were administered 3% DSS in drinking water for 7 days to induce
UC. SHK treatment groups received oral gavage of SHK solutions
at different concentrations (0.1 mL/10g body weight daily), for a
period of 7 days (Fig. 2A). DSS-treated mice developed progres-
sive weight loss starting on day 3 (Fig. 2B), accompanied by di-
arrhea, hematochezia, and coat color alterations. SHK administra-
tion significantly mitigated weight loss in a dose-dependent man-
ner. Disease activity index (DAI) was then utilized to quantitatively
assess body weight reduction, stool consistency, and occult blood
in UC mice. Compared with vehicle-treated controls, SHK treat-
ment led to a more rapid dose-dependent reduction in DAI scores
(Fig. 2C). In addition, mice administered SHK exhibited significantly
longer colon lengths compared to vehicle-treated colitis controls
(Fig. 2D). Histopathological analysis revealed that SHK treatment
dose-dependently attenuated ulceration, mucosal epithelial loss,
goblet cell depletion, and inflammatory cell infiltration in colonic
tissues (Fig. 2E).

Enzyme-linked immunosorbent assay (ELISA) analysis revealed
that the expression of pro-inflammatory cytokines TNF-¢, IL-
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Fig. 3. SHK blocks necrosome formation. (A) Immunoblotting of TSZ model path-
way proteins in HT-29 cells under different concentrations of SHK treatment. (B-D)
Grey scale analysis of RIPK1, RIPK3 and MLKL phosphorylation statistics (n=3). (E)
Immunoblotting of pathway proteins at different time periods in the TSZ model
of HT-29 cells after DMSO and SHK treatment (n=3). (F-H) Grey scale analy-
sis of p-RIPK1, p-RIPK3 and p-MLKL phosphorylation statistics (n=3). (I) Interac-
tion between RIPK1 and RIPK3 was detected by co-immunoprecipitation and im-
munoblotting in cultured HT-29 cells with indicated treatments. (J) Immunoblotting
of MLKL in the TZ model of L929 cells under different concentrations of SHK treat-
ment. (K) Grey scale analysis of MLKL phosphorylation statistics (n=3). ##P <0.01,
###P < 0.001 vs. DMSO; *P < 0.05, **P < 0.01, ***P <0.001 vs. TSZ. Data are presented
as mean + SEM.

18, and IL-6 was significantly upregulated in colon tissue ho-
mogenates of DSS-induced colitis mice (Fig. 2F). SHK treatment
dose-dependently reduced the levels of these cytokines, effec-
tively inhibiting inflammatory progression. These results demon-
strate that SHK alleviates colonic inflammation in UC by downreg-
ulating TNF-«, IL-18, and IL-6 expression. Western blot analysis
revealed significantly upregulated expression of RIPK3 and MLKL
in DSS-induced colitis mice compared to vehicle-treated controls,
with marked increases in phosphorylated p-RIPK1, p-RIPK3, and p-
MLKL. Phosphorylation of all three proteins was potently attenu-
ated in mice treated with 25 mg/kg SHK (Figs. 2G and H).

In the TSZ model of HT-29 cells, we examined the impact of
SHK on necroptotic pathway proteins across different time peri-
ods and found that it was able to inhibit the phosphorylation pro-
cess of RIPK1 (S166), RIPK3 (S227), and MLKL (S358). SHK sig-
nificantly suppressed the activation and phosphorylation of RIPK1,
RIPK3, and MLKL at 8 pmol/L, with a clear dose-dependent pattern
on MLKL phosphorylation (Figs. 3A-D). In a time-course experi-
ment (2-6h treatment window), SHK at 8 pmol/L significantly at-
tenuated RIPK1 phosphorylation at 6 h, followed by subsequent re-
duction in both RIPK3 and MLKL phosphorylation compared to the
control group (Figs. 3E-H). These results indicated that SHK was
able to inhibit the activation of necroptosis-related proteins, thus
we believe that SHK can interfere with the formation of necro-
some. Immunoprecipitation analysis revealed that SHK potently
blocked TSZ-induced the interaction between RIPK1 and RIPK3 at
8 pumol/L (Fig. 31). In summary, our findings demonstrate that SHK
exerts its function by affecting the formation of necrosome.

Next, to verify the effect of SHK on the necroptosis signaling
pathway in mouse cells, we employed the L929 cell TZ model. The
results revealed that it significantly inhibited MLKL phosphoryla-
tion in a concentration-dependent manner. Specifically, when the
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concentration reached 15 pmol/L, SHK could markedly suppress
MLKL protein phosphorylation (Figs. 3] and K). However, the bind-
ing targets of SHK for the anti-necroptosis still unclear. Applying
SHK as a tool compound, we may potentially find novel targets for
necroptosis.

SHK is an active component isolated from Lithospermum ery-
throrhizon roots. Previous studies reported its extensive biological
activity [20,21]. It is the first time to find its anti-necroptosis
activity, encouraging us to identify the molecular targets and
relevant mechanisms. Activity-based protein profiling (ABPP) using
photolabeling approach is an attractive and effective method for
identifying the binding targets of natural products [22,23]. We
first developed a clickable photolabeling tag on the potential
position of the SHK scaffold. This tag enables a candidate to
covalently capture proteins at specific residues following in-situ
photo-crosslinking in biological systems, providing more reliable
binding information for analyzing the target [24]. Before introduc-
ing the tag, we first compared the activity of SHK with a R-1-OH
group and the derivatives with a S-1-OH, or without 1-OH (Fig.
4A). These compounds exhibited comparable activities, suggesting
chemical modification tolerance on this position. Consequently, we
generated a probe by modifying the 1-OH group of SHK with a
diazirine alkyne tag (SHK-11). The chemical structure of SHK-11
was fully characterized by 'H nuclear magnetic resonance spec-
troscopy (NMR), 13C NMR spectroscopy, and high-resolution mass
spectrometry (HRMS). The anti-necroptosis test demonstrated the
probe still conserved a decent dose-dependently protective activity
in a range of 5-20 umol/L in human HT-29 cells (Fig. 4B), as well
as in murine 1929 cells (Fig. 4C).

We next performed the labeling experiments using HT-29 cells.
After photo-crosslinking by exposed to UV radiation at 365 nm, the
cell lysates were prepared and followed by being subjected to a
click chemistry reaction with Biotin-PEG3_N3 and Cu(I)-catalyzed
azide-alkyne cycloaddition (CuAAC). Then, the probe-captured pro-
teins were pulled down, followed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (Fig. 4D). The bands
at ~50-90 and 33-43 kDa were prominently labeled by the probe,
which could be apparently competed with excessive SHK, sug-
gesting likely binding targets (Fig. S2A in Supporting information).
Next, we tried similar procedures using in situ cells or in vitro ly-
sis. Proteins labeled by SHK-11 were enriched using streptavidin-
conjugated magnetic beads and similar bands were found (Fig. 4E).
Next, the entire band was digested and then underwent liquid
chromatography tandem-mass spectrometry (LC-MS/MS) analysis.
The MS data were analyzed by taking the intersection based on
DMSO, SHK-11 in situ and in vitro. Venn diagram of the MS data
was generated (Fig. 4F). Among the resulting 7 proteins, only 1 hit
was obtained with the criteria of and MW (50-90 and 33-43 kDa),
peptide (PEP) score (>20), unique peptides mapped (>3). HSPAS,
a member of the heat shock protein 70 (HSP70) family, is a heat
shock homologous protein with molecular weight of 70.9 kDa, and
4 unique peptides were identified and a PEP score of 4.936 for
HSPAS.

Then, the cellular thermal shift assay (CETSA) [25] and drug
affinity responsive target stability (DARTS) [26] were conducted to
determine the target engagement of SHK in HT-29 cells. CETSA
demonstrated that SHK significantly increased HSPA8 thermal sta-
bility (Figs. 4G and H). The results of the in-situ incubation of cells
were consistent with the above results (Figs. S2B and C in Support-
ing information). DARTS reflected that SHK enhanced proteolytic
resistance of HSPA8 in the treated cells (Figs. 41 and ]). What is
more, a streptavidin-based pull-down assay confirmed that HSPA8
was specifically enriched by SHK-11 and competitively displaced
by excess SHK (Fig. 4K). These findings strongly suggest HSPAS8
as a target protein of SHK in necroptosis. Next, we asked how
SHK binds HSPAS. A bio-layer interferometry (BLI) analysis directly
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Fig. 4. Target identification of SHK in HT-29 cells by an ABPP strategy. (A-C) Anti-
necroptosis effects of SHK and SHK-11 (n=3). *P<0.05, ***P <0.001vs. TSZ/TZ.
(D) Schematic illustration of target protein capture of SHK-11 in HT-29 based on
ABPP. (E) SDS-PAGE image of SHK-11 enriched proteins. (F) Venn diagram of pro-
teins enriched by photoaffinity probe SHK-11 in HT-29, and the possible target pro-
teins were shown in the right table. (G, H) Immunoblotting of HSPA8 at differ-
ent temperature after DMSO and SHK treatment in lysis and grey scale analysis
of HSPAS8 statistics (n=3). ***P<0.001. (I, ]) Immunoblotting of HSPA8 at different
dose pronase E after DMSO and SHK treatment and grey scale analysis of HSPA8
statistics (n=3). **P < 0.01. (K) Pull-down analysis of SHK-binding to HSPA8 in HT-
29 cells. (L) A representative plot of the BLI signal against time. Data are presented
as mean + SEM.

quantified SHK-HSPA8 binding with a dissociation constant (Kp) of
5.09 umol/L (Fig. 4L).

We next detected the effects on the protein expression of
HSPA8 after the treatment of SHK (Fig. 5A). The results of im-
munofluorescence intensity analysis in HT-29 cells showed that
TSZ-induced necroptosis led to downregulated HSPA8 expression,
which could be restored by treatment with 8 pmol/L SHK. Consis-
tent results were observed in animal models: in the DSS-induced
model group, HSPA8 expression was decreased, and administra-
tion of 25 mg/kg SHK restored HSPAS levels (Fig. S2I in Supporting
information). Additionally, immunofluorescence in HT-29 cells re-
vealed that SHK not only restored HSPA8 expression but also in-
creased its cytoplasmic accumulation and colocalization with p-
RIPK3 under TSZ-activated necroptosis (Fig. 5A). To validate the
role of HSPA8 in HT-29 cell necroptosis, we designed and con-
structed a pLKD.1-shHSPA8-copGFP-Puro lentiviral plasmid. Knock-
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Fig. 5. SHK inhibits necroptosis dependent on HSPA8. (A) Immunofluorescence as-
say of the colocation of HspA8 and pRIPK3 in TSZ-induced HT-29 cells treated with
SHK (8 pmol/L) or vehicle (DMSO). Scale bar: 50 pm. (B) The protein and mRNA lev-
els of HSPA8 in HSPA8-KD cells. (C) Anti-necroptotic activity of SHK in HSPA8-KD
cells (n=3). (D) Immunoblotting of TSZ model pathway proteins by SHK in HSPA8-
KD cells. (E-G) Grey scale analysis of statistics (n=3). (H) Interaction between
HSPAS8 and RIPK3 was detected by co-immunoprecipitation and immunoblotting in
cultured HT-29 cells with indicated treatments. *P < 0.05, **P < 0.01, ***P < 0.001. ns,
no significance; DAPI, 4/,6-diamidino-2-phenylindole; WT, wild type. Data are pre-
sented as mean + SEM.

down (KD) efficacy was confirmed by immunoblotting using anti-
HSPA8 antibody and RT-qPCR analysis, demonstrating significant
reduction of HSPA8 protein and mRNA levels (Fig. 5B). Cell via-
bility assays revealed that HSPA8-KD in HT-29 cells significantly
exacerbated TSZ-induced necroptosis (Fig. 5C). Notably, the abil-
ity of SHK to rescue cell viability was reduced in HSPA8-KD HT-29
cells compared to control knockdown cells (Fig. 5C), but not for a
classical RIPK1-targeting compound GSK-772, confirming that SHK-
mediated necroptosis inhibition is dependent on HSPAS8. The re-
sults suggest that endogenous HSPA8 negatively regulates necrop-
tosis.

The Western blot results were consistent with the findings from
the activity assay (Figs. 5D-G). Under identical TSZ induction con-
ditions, the phosphorylation levels of necrotic pathway proteins
RIPK1, RIPK3, and MLKL were elevated in HSPA8-KD HT-29 cells.
Meanwhile, the inhibitory effect of SHK on their phosphoryla-
tion was significantly attenuated, which was consistent with the
results observed upon application of the HSPAS8 inhibitor (Figs.
S2D-H in Supporting information). These data indicate that HSPA8
knockdown impairs the ability of SHK to suppress necroptosis in
the TSZ-induced HT-29 cell model. Moreover, immunoprecipitation
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experiments demonstrated direct interaction between HSPA8 and
RIPK3 in HT-29 cells, and SHK promoted this interaction under
TSZ-activated necroptosis (Fig. 5H). Collectively, these data indicate
that SHK exerts its anti-necroptosis effect through HSPAS8.

Herein, we report for the first time that SHK inhibits TSZ-
induced necroptosis in HT-29 cells and ameliorates SIRS and DSS-
induced UC in mice. Using activity-based protein profiling (ABPP),
we identified HSPAS8 as the direct cellular target mediating SHK's
anti-necroptotic activity. HSPA8 is known to inhibit necroptosis
by regulating RIP homotypic interaction motif (RHIM) domain
polymerization and depolymerization of RHIM-containing protein
fibers. We further demonstrated that SHK enhances HSPA8 bind-
ing to RIPK3 polyfibers and promotes their disassembly in TSZ-
activated HT-29 cells. Collectively, these findings provide novel
mechanistic insight into SHK’s dual role in inhibiting necroptosis
and inflammation via the HSPA8-RIPK3 axis, while establishing this
natural product as a promising therapeutic lead for inflammatory
disorders, including UC [27,28].

Numerous studies have focused on the anti-inflammatory ac-
tivity of SHK, demonstrating that this compound can regulate in-
flammatory responses through multi-target, multi-pathway mech-
anisms and holds great potential for treating neuroinflamma-
tory, digestive, cutaneous, and autoimmune inflammatory dis-
eases [29,30]. SHK was shown to reduce the production of pro-
inflammatory cytokines in colonic tissue, repair the intestinal bar-
rier, mitigate intestinal histopathological damage, and alleviate in-
testinal inflammation by regulating signaling pathways such as nu-
clear factor kappa B (NF-«B), janus kinase/signal transducer and
activator of transcription 3 (JAK/STAT3), and phosphoinositide 3-
kinase/protein kinase B (PI3K/AKT) [31]. Our current screening re-
veals an anti-necroptotic activity of SHK. It is likely associated with
multi-target pharmacological effects of SHK and the crosstalk be-
tween pathways. Varying experimental conditions, such as drug
concentration, treatment duration, cell type, and inducer type, can
lead to divergent outcomes, highlighting the scientific value of in-
vestigating the complex pharmacology of SHK.

In this study, we characterized the anti-necroptotic activity of
SHK in a TSZ-induced HT-29 cell necroptosis model, identified po-
tential molecular targets, and demonstrated that SHK suppresses
necroptosis to attenuate the onset and progression of UC. These
results indicate that SHK exerts therapeutic effects in UC by mod-
ulating multiple inflammatory signaling axes, positioning it as a
promising candidate for novel UC therapies. Beyond expanding the
known anti-inflammatory mechanisms of SHK, these findings pro-
vide robust pharmacological evidence to support its clinical trans-
lation, particularly in leveraging TCM principles for precision in-
flammatory disease management.

HSPAS serves as a critical negative regulator of necroptosis [32].
Recent studies reveal that HSPA8 specifically recognizes RIP ho-
motypic interaction motif (RHIM)-containing proteins (e.g., RIPK1,
RIPK3) and disrupts their amyloid-like fibril formation [32,33]. This
mechanistic insight not only advances our understanding of cell
death regulation but also establishes HSPA8 as a druggable target
for inflammatory diseases. Therefore, regulation of necroptosis by
targeting HSPA8 may be used to treat IBD, sepsis and other inflam-
matory diseases. In addition, the fiber depolymerization mecha-
nism of HSPAS8 also provides new ideas for the treatment of cancer
and neurodegenerative diseases. Although our findings show that
SHK inhibits necroptosis by modulating HSPA8 activity, the pre-
cise molecular mechanism, whether via direct regulation of HSPAS8-
ATP/ADP binding or alteration of its co-chaperone interaction affin-
ity, remains unclear. Specifically, whether SHK enhances nucleotide
exchange kinetics or disrupts chaperone complex formation to ex-
ert anti-necroptotic effects requires further investigation. These hy-
potheses require validation through biochemical assays and struc-
tural biology approaches, which will clarify whether SHK acts as
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an allosteric activator or competitive inhibitor of HSPA8’s chaper-
one function in necroptotic signaling.
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