P21 — Basic Review Questions

1. What is P21, where does it come from, and what is the key design idea?

Answer: P21 (more precisely P021) is a small synthetic neurotrophic peptide derived
from ciliary neurotrophic factor (CNTF) — corresponding to CNTF residues 148—151
with an added adamantylated glycine (sequence Ac-DGGLAG-NH.; MW 578.3 Da). It
was developed by Dr. Khalid Igbal at the New York State Institute for Basic Research,
and is being developed (preclinically) by Phanes Biotech for Alzheimer’s disease. The
adamantyl group is the key engineering feature: it improves lipophilicity and
gastrointestinal stability, enabling oral delivery and enhancing CNS/blood-brain-barrier
penetration. The central design idea is to capture CNTF’s neurotrophic, pro-neurogenic
benefit while avoiding CNTF’s toxicity — full-length CNTF failed in human ALS and
obesity trials because of anorexia, muscle loss, cramps, and hyperalgesia.

2. What is the central tension a practitioner must understand about P21 — and what
does Dr. Seeds recommend?

Answer: P21 has a broad, consistent, and at times striking preclinical record — tau and
amyloid reduction, a roughly 4-fold rise in neurogenesis, restored cognition across
several models, prevention of retinal (AMD-like) pathology, and a large survival benefit
in Alzheimer mice — yet it has zero human clinical trials, no established human dose,
no human pharmacokinetics, and no human safety data, plus an unresolved mechanism
and a documented in-vivo failure (CDKLS5). Unlike several other peptides in this series,
Dr. Seeds does NOT offer a practice protocol; he explicitly recommends AGAINST
current human/clinical use, states he has no human data to share, and describes P21
as a peptide to learn from and follow rather than to use. Promising preclinical breadth is
not the same as human readiness, and that gap is the most important thing to convey.

3. How does P21 work?

Answer: P21’s mechanism is distinctive and only partly resolved, and it does NOT work
like its parent molecule. It does not bind the CNTF receptor (CNTFRa). Its primary
proposed action is competitive inhibition of leukemia inhibitory factor (LIF) signaling —
in cell culture it inhibits LIF-induced STAT3 phosphorylation by ~30% (dose-dependent,
significant by ~10 nM). Because LIF normally suppresses the formation of neural
progenitor cells, relieving that suppression allows neural progenitor proliferation. In
parallel, P21 upregulates BDNF, which activates TrkB — PI3K/Akt — inhibitory
phosphorylation of GSK-3 at Ser9 — reduced GSK-3[3 activity — less tau
hyperphosphorylation; it also engages PLC/PKC and MEK/ERK and raises the
pCREB/CREB ratio, creating a CREB-BDNF positive-feedback loop. Downstream (in
animals) it increases neurogenesis ~4-fold, reduces amyloid (by decreasing its
generation, not enhancing clearance) and tau (~50%), restores synaptic markers, and
improves neuronal survival. A debated point: whether the BDNF increase is direct or
secondary to LIF inhibition is unresolved, and the exact molecular target is undefined.

4. Why does P21 avoid the toxicities of full-length CNTF?

Answer: Full-length CNTF’s side effects — anorexia, skeletal-muscle loss, hyperalgesia,
cramps, nausea, weight loss — are driven by activation of the systemic



IL6Ra—LIFRB—gp130 receptor complex. P21 neither binds CNTFRa directly nor
activates that complex, which is a fundamentally different mechanism, and accordingly it
produced no CNTF-like side effects across all tested rodent doses and durations (up to
18 months). The important caveat is that this advantage has been demonstrated only in
rodents; human receptor pharmacology may differ, and there is no human safety data to
confirm it.

5. What does the preclinical evidence show across the different models?

Answer: The evidence is broad but entirely animal/in-vitro. In 3xTg-AD mice (Kazim
2014; Baazaoui 2017), P21 reduced phospho-tau ~50%, lowered soluble amyloid,
increased BDNF and p-Ser9-GSK-3, increased DCX+ neurogenesis ~4-fold, restored
cognition, and improved survival to 87% vs 41% of vehicle. In aged rats (Bolognin 2014)
it restored neurogenesis, BDNF/TrkB/pCREB, synaptic markers, and maze performance
(though not to young-rat levels). In normal mice (Li 2010; Blanchard 2010) it even
enhanced cognition, neurogenesis, and plasticity. In a Down syndrome model (Ts65Dn;
Kazim 2017) it crossed the placenta with prenatal dosing and rescued developmental
delays, memory, and presynaptic deficits while raising BDNF ~2-fold. And in
macular-degeneration models (Liu 2019) it prevented photoreceptor and RPE
degeneration, retinal inflammation, retinal tau/amyloid, and sub-retinal VEGF
deposition. Dr. Seeds highlights the macular-degeneration and
prenatal-neurodevelopment threads as especially interesting.

6. What is the CDKL5 finding, and why does it matter?

Answer: In a 2024 study of CDKLS5-deficiency disorder (Mottolese et al.), P21 worked in
vitro — in CDKL5-knockout cells it restored proliferation, survival, and neuritic length
and normalized GSK-3[3 phosphorylation — but it FAILED in vivo: in CDKLS5-knockout
mice it did not increase BDNF, produced no neuroanatomical improvement, and gave
only limited behavioral benefit. The likely interpretation is that the CNTF/LIF-mediated
response P21 depends on is disrupted in the CDKL5-null brain environment. This
matters because it shows P21’s mechanism is NOT universal across neurological
disorders — it is context-dependent and requires an intact pathway to work — and Dr.
Seeds stresses that this failure must be disclosed whenever P21’s broad applicability is
discussed. It is not a data-integrity problem (as with a retraction) but a genuine
biological limitation that tempers the “broadly applicable” narrative.

7. What is known about dosing, pharmacokinetics, and safety — and what are the key
gaps?

Answer: There is no established human dose, no human pharmacokinetics, and no
human safety data; all dosing is from rodent studies (e.g., 60-200 nmol/g in diet, ~289
pag/kg/day by gavage, 25 nM/day SC pellets) and is not translatable to humans. In
rodents P21 is small (MW 578.3 Da), has a plasma half-life >3 hours, is >90% gastric-
and 100% intestinal-stable in vitro (supporting oral delivery), and crosses the placental
barrier; notably, BBB penetration was inferred from behavioral outcomes rather than
directly measured. The rodent safety profile was favorable — no weight loss, tumors,
pain behaviors, motor or anxiety changes, and none of the CNTF toxicities over
durations up to 18 months — with one ambiguous finding of possible weight gain



without increased food intake (metabolic implications unclear). The key gaps: no human
data of any kind, no genotoxicity/carcinogenicity studies, no primate toxicokinetics, no
data beyond 18 months, an undefined receptor/target, an unquantified BBB, and the
CDKLS5 in-vivo failure.

8. What is the appropriate practitioner posture toward P21?

Answer: The responsible posture is unusually simple and is stated plainly by Dr. Seeds:
P21 is not for clinical use at this time and should be avoided. It is a genuinely interesting
neurotrophic peptide — a proof of concept that a CNTF fragment can decouple
neurotrophic benefit from CNTF’s toxicity, with notable promise in Alzheimer’s biology
(BDNF, tau, amyloid), neurodevelopment, and age-related macular degeneration — but
with no human trials, no established dose or pharmacokinetics, no human safety data,
an unresolved mechanism, and a documented in-vivo failure, it is a compound to follow
as it moves toward human trials, not one to use. Development sits at the preclinical/IND
stage (Phanes Biotech, for Alzheimer’s), with no IND/NDA filed as of 2024. Dr. Seeds
notes anecdotally that some groups outside the US are reportedly exploring an
intranasal formulation, but he has no data and does not endorse use. If a practitioner
encounters P21, full disclosure of its preclinical-only status and the recommendation
against use is essential.



