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Diabetic mice (streptozotocin-
induced) with marginal mass
syngeneic islet transplantation
(C57BL/6 islets -> C57BL/6) – a
model of islet graft stress and
inflammation

WA 10 mg/kg i.p. to
recipient mice, daily for
10 days post-transplant
(plus donor islets pre-
treated ex vivo with
WA)

Enhanced islet graft survival and function: 83% of WA-treated mice achieved long-term graft survival vs. 0% in
vehicle-treated controls . WA-treated grafts showed lower intragraft inflammation; serum inflammatory cytokines
(IL-1β, IFN-γ) were reduced and histology showed less insulitis. Blood glucose normalized in WA group, with
superior glucose tolerance tests indicating preserved islet function . These results indicate WA protected islet
grafts by suppressing NF-κB-mediated inflammation

Mouse acute graft-versus-
host disease (GVHD) model
(allogeneic bone marrow
transplant from C57BL/6 ->
BALB/c) – model for T cell–
mediated autoimmunity (similar
to irAE conditions)

WA 4 mg/kg i.p. daily,
starting day 0 for 14
days post-BMT

Prevention of acute GVHD: WA-treated mice had markedly lower clinical GVHD scores (mean score ≤2 vs.
≥6 in controls, on a 0–10 scale) and improved survival at 30 days (70% vs. 20% in controls). Mechanistically,
WA treatment led to reduced splenic T-cell activation (reduced CD69^+ T cells) and proliferation in vivo,
correlating with lower serum IFN-γ and TNF-α levels. Lymphoid organ histopathology showed less T cell
infiltration and tissue damage. WA’s effects were associated with downregulation of AKT/mTOR signaling in
donor T cells, curbing their expansion. This study demonstrated WA can mitigate a severe T cell–driven
immunopathic condition analogous to immunotherapy-related autoimmunity.

Allogeneic islet
transplantation in diabetic
mice (BALB/c islet donor →
C57BL/6 recipient) under
minimal immunosuppression –
model of transplant rejection
similar to checkpoint inhibitor-
induced organ autoimmunity

WA 5 mg/kg i.p. to both
donors (during islet
isolation) and recipients
(daily for 1 week post-
transplant)

Prolonged islet allograft survival: 80% of WA-treated recipients maintained graft function long-term vs. 40%
in control mice on low-dose tacrolimus. WA did not compromise graft acceptance – in fact, it performed better
than tacrolimus in this model. Immune analyses showed suppressed T-cell proliferation in WA-treated mice and
significantly impaired dendritic cell maturation, evidenced by lower CD83 and MHC-II expression on DCs .
Inflammatory mediators in the graft microenvironment were reduced: exosomes from WA-treated islets
contained significantly less IL-6, MCP-1, and iNOS . hese findings highlight WA’s potential as an adjunct to
control immune reactions (T-cell and DC-driven) without hindering the desired graft/tumor outcomes.
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Problem: immune-related adverse
effects (irAEs)

Cancer immunotherapy (ICIs: anti-
PD-1, anti-CTLA-4)

Need for complementary therapies
to mitigate irAEs

Withania somnifera and Withaferin
A: bioactive compound with

immunomodulatory potential

PRECLINICAL EVIDENCE:

Withaferia A from
Withania somnifera
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WITHAFERIN A

Steroidal lactone from
Withania somnifera

(Ashwagandha)
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KEY IMMUNOMODULATORY MECHANISMS OF WITHAFERIN A ACKNOWLEDGEMENTS

WA targets the NF-κB pathway by covalently
modifying cysteine-179 on IKKβ.
This prevents IKKβ activation and stops
phosphorylation/degradation of IκB.
Result: NF-κB stays trapped in the
cytoplasm, unable to trigger inflammatory
gene transcription.
In THP-1 monocytes, WA blocks NF-κB p65
nuclear translocation after stimulation.
Shown to inhibit NF-κB activity across
various cell types (immune, endothelial,
epithelial).
Reduces downstream inflammatory cascades
contributing to irAEs
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Inhibition of NF-κB Signaling

WA’s NF-κB inhibition leads to lowered
cytokine release.
In vitro studies show reduced IL-6 and TNF-α
production in immune cells after LPS
stimulation.
In endothelial cells, WA suppresses palmitate-
induced IL-6 and TNF-α by blocking
IKKβ/NF-κB.
In macrophages, WA reduces both mRNA
and protein levels of IL-6 and TNF-α.
In cancer models, WA reduces IL-1β, IL-6,
and TNF-α expression elevated 3–5 times by
tumors (p<0.001).
In mouse hepatitis models, WA decreases
systemic TNF and IL-1, protecting against
cytokine storms.

Modulation of T-Cell Responses

WA inhibits T-cell and B-cell proliferation at
≤5 µM without causing cell death.
Downregulates early activation markers on T-
cells (CD25, CD69, CD71, CD54).
Reduces Th1 (IL-2, IFN-γ) and Th2 (IL-4,
IL-5) cytokine secretion.
In mixed lymphocyte reactions, WA blocks T-
cell proliferation.
Prevents overactive T-cell responses that lead
to autoimmune-like irAEs (e.g., colitis,
hepatitis).
Does not cause apoptosis, indicating a
reversible regulatory effect rather than full
immunosuppression.

Suppression of Pro-inflammatory
Cytokines (IL-6, TNF-α, etc.)
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