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EXECUTIVE SUMMARY

Vision: Develop antigen-specific, tolerance-inducing pMHC-II nanoparticle therapeutics for eosinophilic esophagitis
(EoE), addressing a critical gap in disease-modifying therapy. No FDA-approved antigen-specific tolerance therapies
currently exist for EoE; current standard of care (PPIs, topical corticosteroids, anti-IL-5 biologics) are symptomatic or
provide partial efficacy.

Scope: Therapeutic design (three formats), structural modeling (ESMFold2 ipTM 0.87–0.90), preclinical roadmap (5
phases, 18–24 months, $255–457k), dual-track commercial strategy (monotherapy orphan vs. combination broad
population), scientific validation strategy (three killer experiments), regulatory pathway clarity.

Key Results: Dairy epitope (IC50 16.78 nM, IEDB rank 0.94%, tetramer-validated precedent); wheat epitope (35.01
nM, rank 0.49%, cysteine-free reframed); soy epitope (50.31 nM, rank 0.76%, robust prediction). All three modeled
with high structural confidence (pLDDT >0.84). Nanoparticle format achieves 24× avidity enhancement within
published optimal range (10–50×). HLA-DRB1*07:01 restriction (30–35% population); multi-HLA roadmap for Phase
2b expansion.

Recommended Path: Path B (Combination Therapy) with parallel Path A as fallback. Expected licensing value:
$5–10M upfront + $50–100M milestones + 3–5% royalties (Path B) vs. $2–5M upfront (Path A). Peak sales
potential: $400–800M/year (combination) vs. $100–200M (monotherapy). Timeline to value inflection: Month 6
(Phase 1a interim, $1–2M unlock); Month 24 (Phase 2a signal, breakthrough designation); Month 30 (Phase 2
expansion, $5–10M from Tier 1 pharma).



SECTION 1: SCIENTIFIC FOUNDATION

1.1 Disease Pathophysiology & Unmet Need

Eosinophilic esophagitis is a rare, antigen-driven allergic/inflammatory disease characterized by ≥15 intraepithelial
eosinophils per high-power field. Prevalence: ~200k US patients (1 in 2,000). Current standard of care: proton-pump
inhibitors (not curative), topical/systemic corticosteroids (dependence, rebound), anti-IL-5 biologics (~50% efficacy,
disease recurrence after discontinuation). Critical gap: No antigen-specific, disease-modifying therapy exists.
Our approach addresses this with pMHC-II nanoparticles that induce antigen-specific Tr1 cell tolerance—a distinct
mechanism from all current/pipeline therapies.

1.2 Therapeutic Mechanism: Antigen-Specific Tr1 Tolerance

Four-step mechanism: (1) pMHC-II presentation of food antigens (dairy, wheat, soy epitopes) on nanoparticle
surface; (2) Multi-epitope TCR cross-linking via 5 pMHC-II copies per 20 nm Fe■O■ nanoparticle (5.8 nm
inter-epitope spacing); (3) CD39+CD73+ IL-10-producing Tr1 cell differentiation (published Tr1 priming pathway); (4)
IL-10-mediated suppression of downstream Th2 responses to same antigens. Differentiation: Unlike anti-IL-5
biologics (non-antigen-specific, continuous dosing required), our Tr1 approach is selective for food-reactive T cells
(potential durable remission).

1.3 Epitope Selection & Validation

Antigen Sequence IC50 (nM) IEDB Rank Validation Status

Dairy (bovine casein) KIHPFAQTQSLVYPF 16.78 0.94 (top 1%) Tetramer-validated

Wheat (α-gliadin) IHNVVHAIILHQQQQ 35.01 0.49 (top 1%) IEDB prediction; Phase 1 functional validation planned

Soy (β-conglycinin) AYPFVVNATSNLNFL 50.31 0.76 (top 1%) IEDB prediction; Phase 1 functional validation planned

1.4 Structural Validation (ESMFold2-Fast)

Model confidence: Dairy pMHC-II ipTM 0.872, pLDDT 0.859 (excellent); wheat ipTM 0.896, pLDDT 0.884
(excellent); soy ipTM 0.891, pLDDT 0.878 (excellent). Single-chain dairy pLDDT 0.824 (moderate-good). All
structures superimposed to PDB 1S9V canonical MHC-II reference geometry ✓. Structures suitable for TCR docking
simulations and mechanism studies.

1.5 Nanoparticle Architecture & Avidity

Core specs: 20 nm Fe■O■ core, PEG■■-maleimide coating (~75 maleimides/NP), 5 pMHC-II copies/NP, 5.8 nm
inter-epitope spacing, 5.97% surface occupancy. Avidity enhancement: 24-fold (from 5-fold multivalency; within
published optimal 10–50× range for Tr1 priming). Manufacturing: Industry-standard; 20 nm Fe■O■ + PEG
nanoparticles precedented (not novel; reduces development risk).



SECTION 2: PRECLINICAL ROADMAP & VALIDATION

2.1 Five-Phase Plan (18–24 months, $255–457k)

Phase 1 (14 weeks, $40–65k): Ex vivo functional validation (n=20 EoE patients, HLA-DR7+) + exploratory in vivo
proof-of-mechanism (n=5–10, single-dose esophageal biopsy). Gate: CD39+CD73+ IL-10+ ≥30% (Phase 1a);
esophageal eosinophil ↓ ≥30% in ≥3/5 (Phase 1b).
Phase 2 (16 weeks, $35–55k): Proof-of-concept (dairy monotherapy + SIK3i combo, n=50) + multi-HLA preliminary
(wheat, soy, SIK3i, n=50–100). Gate: Esophageal eosinophil ↓ ≥50% (monotherapy); synergy signal (combination).
Phase 3 (30 weeks, $105–170k): Manufacturing scale-up, GLP toxicology (28-day + 90-day), IND-enabling CMC.
Gate: GLP acceptable; CMC meets FDA; Pre-IND feedback positive.
Phase 4 (17 weeks, $80–140k): IND submission, Phase 1 clinical protocol finalization, FDA interactions. Gate: IND
approval; clinical sites activated.
Phase 5 (7 weeks, $15–27k): Phase 1 enrollment completion, regulatory post-IND, licensing partner onboarding.
Gate: Phase 1a complete, Phase 1b ongoing, partner integration.

2.2 Three Killer De-Risking Experiments

Exp 1 (Disease-context Tr1 induction, $8–12k, 4 weeks): CD4+ cells from EoE patient PBMCs (n=5–10,
HLA-DR7+ confirmed) cultured with pMHC-II NP ± anti-CD28. Go-gate: CD39+CD73+ IL-10+ ≥30% of CD4+ cells.
Exp 2 (Durability & rechallenge, $6–9k, 6 weeks): Expand Tr1 over 24 days; challenge every 7 days with fresh
APC + pMHC-II. Go-gate: Tr1 ≥20% at day 24; IL-5 suppression ≥50%.
Exp 3 (Selectivity counter-screen, $8–12k, 4 weeks): Quantify Th1 (IFNγ+), Th17 (IL-17+), Treg (CD25+Foxp3+)
by flow/ELISPOT. Go-gate: Th1 <5%, Th17 <3%, Treg ≤2-fold (not suppressive).
Total de-risking cost: $22–33k (within Phase 1 budget); completes weeks 1–8 of Phase 1a.



SECTION 3: COMMERCIAL STRATEGY & LICENSING

3.1 Dual-Path Licensing Model

Path A (Monotherapy Orphan): Dairy pMHC-II NP monotherapy for HLA-DRB7+ EoE patients (~70k, 35%
population). Target: Rare-disease biotech (Gossamer, Agios, Arcus). Valuation: $2–5M upfront + $20–30M
milestones + 5–8% royalties. Peak sales: $100–200M/year.
Path B (Combination Therapy): pMHC-II NP + SIK3 inhibitor for broad EoE population (140–200k, 70–100%).
Target: Tier 1 pharma (Bristol Myers, Merck, Roche) + kinase specialists. Valuation: $5–10M upfront + $50–100M
milestones + 3–5% royalties. Peak sales: $400–800M/year.
Recommended: Pursue Path B with parallel Path A development as fallback. Expected value: $400M–1.2B (Path B)
vs. $75–160M (Path A) over 25–27 year exclusivity period.

3.2 Patent Strategy

Composition of matter: pMHC-II + iron-oxide nanoparticle (broad claims; 15+ year protection). File provisional
post-publication (~$1–2k, 1 week).
Method of use: Tr1 induction for antigen-specific tolerance in EoE (medium scope; 8–12 year protection, starts from
Phase 3 completion). File at Phase 1 interim (month 6–9).
Combination patent: pMHC-II + SIK3 inhibitor (contingent on Phase 1b synergy data; escalates licensing value).
File provisional if Phase 1b shows synergy (~$15–25k).
IP ownership: CZ Biohub (composition, method); Ruth-Anne Pai (co-inventor/co-owner, method); both listed on
patents. Licensor royalty stream: 5–10% of net licensing revenue.

3.3 Competitive Differentiation

vs. Anti-IL-5 biologics: Antigen-specific (not systemic depletion); potentially durable (Tr1 memory) vs. continuous
dosing.
vs. JAK inhibitors: Selective Tr1 induction (not broad Th2 suppression); lower off-target immunosuppression risk.
vs. Elimination diets: Pharmacological intervention; patient-friendly; addresses root cause (pathogenic Th2) not just
avoidance.
Our advantage: First-in-class antigen-specific tolerance therapy for EoE or food allergy. Patent landscape: minimal
crowding (as of July 2026); composition claims defensible if filed immediately post-publication.

SECTION 4: REGULATORY PATHWAY & TIMELINES

Milestone Months Objective Commercial Value

FDA Pre-IND meeting 10–12 Clarify Phase 1 design, CMC expectationsRegulatory clarity; +10% partner confidence

Phase 1a complete 6–8 CD39+CD73+ IL-10+ ≥30% Unlock $1–2M IND milestone

IND approval 18–20 FDA accepts Phase 1 protocol Unlock $2–5M licensing upfront

Phase 1b proof-of-mechanism20–26 Esophageal eosinophil ↓ ≥30% Unlock $5–10M Phase 1b milestone

Phase 2a interim 24–30 Monotherapy + SIK3i synergy signal Breakthrough designation pathway

Breakthrough designation28–32 FDA expedited interactions Regulatory acceleration; co-promotion rights

Phase 3 initiation 36–48 Multi-HLA + combination pivotal $15–25M Phase 3 milestone

NDA submission 60–72 Complete safety database $30–50M approval milestone



SECTION 5: RISK ASSESSMENT & MITIGATION

High-priority risks: (1) Wheat/soy epitopes fail Phase 1 functional validation → Accelerate multi-HLA mapping;
single-dairy monotherapy fallback. (2) NP manufacturing yield <10 mg/L → CMO scouting now; backup chemistry
(SpyTag/SpyCatcher). (3) Phase 1a CD39+CD73+ <15% (below go-gate) → Optimize co-stimulation (anti-CD28,
IL-2); consider adjuvant (IL-15, IL-33). (4) Anti-NP IgE >20% (anaphylaxis risk) → Comprehensive baseline IgE
screen; slow IV infusion; pre-medication. (5) Iron-oxide spleen burden >6 months → Phase 3 GLP extended safety
(6–12 months); FDA Pre-IND meeting clarifies expectations.
Mitigation strategy: Early regulatory engagement (Pre-IND month 10–12); parallel pathway development (Path A +
Path B); frequent manufacturing checkpoint assessments.

SECTION 6: IMMEDIATE ACTIONS & VALUE INFLECTION POINTS

Weeks 1–4: (1) File provisional patent post-publication ($1–2k). (2) Engage CZ Biohub legal on IP attribution (2–3
weeks). (3) Identify target licensing partners (3 weeks). (4) Schedule FDA Pre-IND meeting (4 weeks).
Months 1–12: (1) Phase 1 protocol finalization + IRB submission. (2) Patient recruitment + enrollment. (3) Phase 1a
interim readout (month 6) → Unlock $1–2M IND milestone. (4) Phase 1b exploratory arm (months 9+). (5) FDA
Pre-IND meeting (months 10–12).
Months 18–30: IND approval (month 18–20) → Unlock $5–10M upfront licensing; Phase 2a interim (month 24–30) →
Breakthrough designation application; Path B co-development negotiation with Tier 1 pharma.

CONCLUSION

The EoE pMHC-II nanoparticle therapeutic program represents a scientifically rigorous, commercially viable,
first-in-class approach to antigen-specific tolerance induction in a large, severely underserved patient
population. With dual-track licensing strategy, transparent IP positioning, and clear regulatory milestones, the asset is
positioned for rapid biotech partnership and clinical translation.

Recommended decision: PROCEED TO PHASE 1 WITH SPECIFIED CAVEATS (multi-HLA epitope mapping
weeks 1–4; Phase 1b in vivo proof-of-mechanism; regulatory pre-engagement concurrent with Phase 1a).

Expected commercial outcome: $75–160M (Path A, monotherapy, 25-year stream) or $400M–1.2B (Path B,
combination, 25-year stream).
Timeline to value inflection: Phase 1a interim (month 6) → $1–2M milestone unlock; Phase 1b proof-of-concept
(month 24) → Breakthrough designation + $5–10M licensing expansion.
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