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Connections: Neuroimmune 
Medicine and Respiratory Care 
Care Part 2 – Pathology Photo Gallery

PART 2 OF 3 • PATHOLOGY PHOTO GALLERY • 20 SLIDES

Inflam ed Lung s Microscopy – H & E 40×
Hyperemia & Inflammatory Infiltrate – Start of Continuum

S LI DE  2  •  P HO T O R E A LI S T I C  G A LLE R Y

Case 1 – Acute Pneumonia – 45M Fever, Cough, Dyspnea x3d

Alveoli filled with neutrophils + fibrinous exudate – classic early innate alarm

Capillaries congested with RBCs – hyperemia, increased perfusion attempt to clear

Dense acute inflammatory infiltrate – MRGPRX2 mast cell panic button independent 

of IgE

40×
H&E MAGNIFICATION

Neutrophils, fibrin, RBC congestion –

scale bar 50μm

sIgA ↓

Why Allergy Tests Are Normal – Non-IgE Alarm

Mast cell MRGPRX2 + complement C3a/C5a activation – tryptase scissors → PAR-2 

nerve sensitization → NTS brain LTP – feed-forward loop begins here.

Tracey 2002 – Inflammatory Reflex McNeil 2015 – MRGPRX2 Panic Button

TRPA1 wasabi • TRPV1 chili

?
Clinical Translation – Think Outside PFTs

Ed ucational N ote: All images: H&E stain, 40× magnification, photorealistic reference. Diagnosis: Acute pneumonia with neutrophilic alveolitis – hyperemic capillaries, fibrinous exudate. This is Lesson 1 of 20: 

inflammation is the sensor alarm, not yet destruction.
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SLIDE 3 •  PATHOLOGY PROGRESSION •  STEP 2

Emphysematous Lungs
COPD

TRPV4 Stretch Sensor: Mechanical stretch from hyperinflation → TRPV4 activation → calcium 

influx → MMP release → wall destruction loop. Low Vt 6 mL/kg PBW per ARDSNet protects –

Lundberg nasal NO 20% boost concept.

12→8 Hz FEV1/FVC 
<0.7

TRPV4

PHOT OREA LIST IC  – EMPHY SEMA T OUS C OPD – G ROSS SPEC IMEN

Enlarged Airspaces
Wall Destruction

Centrilobular • Panlobular

A
Centrilobular: Upper lobes, smoker, enlarged distal airspaces 

with intact septa peripherally.

B
Panlobular: Lower lobes, alpha-1, uniform destruction –

+ environmental interaction.

C
RT Pearls: Pursed-lip 6/min, PEP parasympathetic window, 

resonant 5.5s after – IL-6 clearance.

SL IDE 4  •  CHRONIC BRONCHIT IS  PHENOTYPE

Diseased Bronchi Goblet 
Hyperplasia

PHOTOREALISTIC – BRONCHUS CROSS-SECTION – H&E 40×

Goblet ↑ • Submucosal Gland Reid Index >50%

1
Reid Index >50% = Chronic BronchitisGland thickness / wall thickness – submucosal hypertrophy drives hypersecretion

2
Goblet Hyperplasia – NK1R Substance PMucus gene MUC5AC up – aprepitant NK1R antagonist ladder 2 breaks loop

3
TRPA1 Wasabi + TRPV1 Chili SensorsCold air, scent, smoke → C-fiber →mucus + cough → low HRV SDNN <20 ms

4
sIgA Defense Down → Biofilm UpZRT <30 mg/dL risk, CBF 12→8 Hz slow – saccharin >20 min – Buteyko nasal NO 20%

5
RT SignatureNasal humidified, PEP parasympathetic window + 5 min resonant 5.5s IL-6 clearance

!
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Pulmonary Edema – Flooded Alveoli
Pink Frothy Fluid • Capillary Leak • TRPV4 Mechanism SLIDE 5 • PATHOLOGY GALLERY • PHOTOREALISTIC

PHOTOREALISTIC – H&E LOW POWER

Flooded Alveolar SpacesPink proteinaceous fluid 

proteinaceous fluid • Thick septa • Engorged capillaries

Scale 100μm – teal academic frame

Cardiogenic vs Non-Cardiogenic Pattern

PATHOPHYSIOLOGY INSET

Capillary Hydrostatic ↑ +
Permeability ↑TRPV4 stretch • MRGPRX2 histamine • VEGF • Substance P NK1R → leak 

→ frothy sputum

Neuroimmune Link – Why It Fits

THIN K  O UTSIDE  P F TS – BE DSIDE  CL UE S

What triggers? Fluid overload, high altitude, neurogenic stress – SAM 

norepinephrine surge.

What helps? Nasal breathing humidified ↑ NO 20%, low Vt 6 mL/kg 

PBW TRPV4 protection (ARDSNet).

Comorbid? Low sIgA <30 mg/dL, HRV low, sleep flat CAR – HPA brake 

failure.

Photorealistic cue: Pink frothy = protein + RBCs – not purulent –

differentiates from pneumonia Slide 2.

TRPV4 Stretch NK1R Substance P Low Vt 6mL/kg ARSDNet NEJM

Nasal NO +20%

!
RT Action: 3 Questions + 1-min HRV + ETCO2 35-40 mmHg. PEP 

parasympathetic window post-clearance – resonant 5.5s to drop IL-6.

H yaline Mem brane – N eonate Pink Membranes • 
Deficiency

S L I D E  6  •  P H O TO RE A L I S TI C G A L L E RY •  

NE O NA TA L

PHOT OREA LIST IC  – H& E 40× – Pink Hyaline  Membranes Lining A lveoli

Hyaline Membrane – Pink Eosinophilic

Surfactant ↓↓

Pathology – Diffuse Alveolar Damage Neonatal

Fibrin-rich eosinophilic membranes line alveolar ducts – barrier to gas exchange

Type II pneumocyte immaturity ↓ surfactant DPPC – ↑ surface tension → atelectasis

ARDSNet principle: low Vt 6 mL/kg PBW protects TRPV4 stretch sensor

24-34 wk PNEC↑ NO 20%

Neuroendocrine Link – Why This Matters for Network

PNEC pulmonary neuroendocrine cells hyperplasia → bombesin → fibroblast 

proliferation → chronic remodeling. Hamanaka Nature Medicine. This is the missing 

bridge between HPA SAM and lung remodeling.

RT Action: Humidified nasal breathing → ↑ NO 20% – Lundberg. PAP synergy. Avoid 

hyperoxia hypocapnia – ETCO2 35-40 mmHg capnography target. Resonant 5.5s 

teaching for parents? Sleep is immunotherapy – Melatonin GH CXCR4 T-cell homing.

CLINICAL FEATURES

Tachypnea, grunting, nasal flaring, cyanosis, 

retractions. Ground-glass CXR. Requires 

surfactant + gentle ventilation.

EVIDENCE

ARDSNet NEJM low Vt. Hamanaka PNEC 

fibrosis. Tracey vagus inflammatory reflex. 

Barnes remodeling small airway.
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ARDS / ALI – Diffuse Alveolar Damage • Hyaline Membranes • 
Membranes • Low Vt Protection

SLIDE 7 • PHOTOREALISTIC GALLERY • 

CRITICAL CARE

01  E XUDA TIV E  – DA Y 1 - 7

Insult → Capillary Leak

Pink frothy • Protein fluid

02 E A RL Y – HYA L IN E  ME MBRA N E S

Fibrin + Debris Lining

40× H&E • Pink membranes

03 P RO L IF E RA TIV E  – DA Y 7- 21

Fibroblast • Type II Hyperplasia

Fibrosis risk • PNEC bombesin

04  RT P RO TE CTIO N  •  A RDSN E T

Low Vt 6 mL/kg PBW

ARDSNet NEJM • TRPV4 block

Photorealistic Gallery Note – Organized Sequential: ARDS follows pulmonary edema → hyaline membrane → diffuse alveolar damage. This slide sits after hyaline membrane (Slide 6). Image: bilateral 

opacities, photorealistic microscopy diffuse damage, teal academic framing, scale bar 50μm. RT Ladder 1 Link: Low Vt TRPV4 protection = Remove Sensor. Breaks feed-forward loop: Mast 

Cell → Tryptase → PAR-2 → NTS LTP → Cough/Bronchospasm → Low HRV.

SL IDE  8 •  N E O N A TA L - P E DIA TRIC •  DE V E L O P ME N TA L  WIN DO W

Neonatal-Pediatric Respiratory 
System

1 Saccular Stage 24-36w: Surfactant Type II pneumocytes immature → hyaline membrane 

membrane risk – pink membranes lining alveoli.

2 Alveolar Stage 36w-8y: Septation, microvascular maturation – PNEC neuroendocrine cells 

cells bombesin drives fibrosis if dysregulated.

3 Non-IgE Vulnerability: MRGPRX2 mast cell panic, TRPV1/TRPA1 sensors hypersensitive –

– explains allergy-negative wheeze.

4 RT Translation: Gentle ventilation low Vt 6 mL/kg PBW, nasal CPAP NO 20% boost, 

resonant pacing for caregivers HRV.

PHOTOREALISTIC – NEONATAL LUNG

24-28W
Canalicular

28-36W
Saccular

36W-8Y
Alveolar

Hyaline Membrane Pattern Pink Membranes

!
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SL IDE 9 •  PATHOLOGY GALLERY  •  ENVIRONMENTAL EXPOSURE

Pneumoconiosis Silicosis • Coal • 
Asbestosis

S
Silicosis – Birefringent CrystalsPolarizable silica in nodules, upper lobes, egg-shell 

hilar nodes – TRPA1/TRPV4 persistent alarm

C
Coal Worker's PneumoconiosisBlack pigment + fibrosis – simple to PMF progressive massive fibrosis >1cm

A
Asbestosis – Ferruginous BodiesLower lobes, pleural plaques, golden-brown beaded rods – AhR activation

R
RT Link – Recommended Action PlanAirNow.gov AQI diary, AQI>100 N95 + HEPA 

MERV13, diesel cabin filter, scent-free VOC

MERV13 HEPA AhR DIM Broccoli TRPA1 Wasabi Sensor N95 AQI>100 Exposure Log

PHOTOREALISTIC – PNEUMOCONIOSIS

Photorealistic Gross + Micro – Coal Dust

FERRUGINOUS BODY MORPHOLOGY

Asbestos fiber coated with iron-protein – golden 

dumbbell ends – hallmark for exposure history 

taking.

CLINICAL TRANSLATION

Infectious O verlay – Gut-Lung Dysbiosis • sIgA Defense SLIDE 10 •  BUDDEN NAT MICROBIOL 2019 •  

PHOTOREALISTIC

SENSOR FA ILURE

Viral/Bacterial Superinfection

Non-IgE alarm: MRGPRX2 panic →mucus hypersecretion 

without allergy.

Photorealistic: H&E peribronchiolar neutrophils, bronchiolar 

wall infiltrated.

HRV: SDNN <20 ms severe vagal brake loss – infection 

susceptibility ↑.

G UT -LUNG  A XIS

Budden 2019 – Dysbiosis Drives Lung

Butyrate: Fiber 30-35g/day → SCFA → Treg ↑ sIgA ↑.

Fermented foods: 4-6 servings/wk Sonnenburg Cell 2021 →

diversity ↑ IL-6 ↓.

Probiotics: LGG + BB536 – restore defense rhythm.

RT  LA DDER 5

Restore Defense – Gut-Lung

Nasal NO 20%: Humidified nasal → PAP boost Lundberg →

antimicrobial.

HEPA MERV13 + DIM: Broccoli AhR detox + NAC 600-

900mg BID O3 antioxidant.

Resonant 5.5s 0.09 Hz: sIgA ↑45% IL-6 ↓20% Zaccaro 2018 

– immunotherapy.

CLINICA L TRANSLATI O N – 3 QUESTIO NS + HRV VITAL SIGN
sIgA 22→58
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Small Airway Remodeling – Smooth Muscle Hypertrophy • 
TRPV4
Chronicity Engine – Tryptase Scissors →PAR-2 →NTS LTP

S L I D E  1 1  •  P A TH O L O G Y G A L L E RY •  

B E NTO

CORE LESION 1

Airway Smooth Muscle Hypertrophy & Hyperplasia

Subepithelial fibrosis – reticular basement membrane thick >6.5μm (Barnes 

remodeling)

TRPV4 stretch sensor – hyperinflation → calcium influx → MMP release

Low Vt protection – 6 mL/kg PBW ARDSNet prevents further stretch

PHOT OREA LIST IC  – BRONC HIOLE C ROSS-SEC T ION – H& E 40×

Thickened wall: epithelium → fibrotic BM → hypertrophied smooth muscle – teal 
– teal frame scale 50μm

ALARM 2

Mast Cell MRGPRX2 Panic

Tryptase → PAR-2 → TRPV1/TRPA1 hyperexcitable

Cromolyn stabilizer Ladder 2

MUCUS 3

Goblet Metaplasia MUC5AC↑

Saccharin >20 min slow CBF

NK1R antagonist aprepitant

CENTRAL 4

NTS LTP – Vagal Brake Loss

Elite HRV SDNN vitality

Resonant 5.5s 0.09 Hz restores +15-20 ms

RHYTHM 5

sIgA Defense Rhythm

Sonnenburg fermented 4-6/wk IL-6 ↓

Pursed-lip + resonant IL-6 clearance

! 

SL IDE  1 2 •  P UL MO N A RY N E URA L  N E TWO RK  •  P HO TO RE A L ISTIC

Pulmonary N eural N etwork PNEC 
Bombesin • C-Fibers Glowing

1% 80% TRP

H
Hamanaka Nature Medicine – PNEC Fibrosis Neuroendocrine Integrated Connection

MRGPRX2 Panic Button NK1R Substance P PAR-2 Tryptase Scissors

P2X3 ATP Gefapixant FDA 2024

PHOT OREA LIST IC  – G LOWING  T EA L NEURA L FIBERS – BRA IN-G UT -LUNG
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SL IDE  1 3  •  P N I  IN F O GRA P HIC •  MIN D DRA IN S BA TTE RY

Psychoneuroimmunology Mind → sIgA →
sIgA → Lung Defense

Stress • Anxiety
HPA Fire Extinguisher Stuck ON

ON
sIgA Battery Low

!
Cohen NEJM 1991 • Tracey 2002: Psychological stress ↓ sIgA 45%, slows cilia 12→8 Hz, increases 

MRGPRX2 panic. Telephone wire – vagus 80% afferent listening – restoring brake reverses.

Bedside Translation – From Infographic to RT Vital Sign

1
W hat trig g ers? S tress scent sm okeTRPA1 wasabi, TRPV1 chili – cold air 

is sensor alarm, not allergy IgE.

2
W hat helps? N asal hum idified warm  air↑ NO 20% Lundberg, humidification 

CBF – Elite HRV app 1-min vital.

3
C om orbid  loop: GERD  IBS  anxiety sleepAsk 3Q – brain CEO, gut factory, lung 

dock – one network.

RT
Restores: Resonant 5.5s 0.09 H z BID Zaccaro sIgA +45% IL-6 -20%, HRV +15-20 

biofeedback is immunotherapy.

SDNN 18→38 sIgA 22→58

Gut-Lung -Brain Axis – Butyrate Treg sIgA • Fermented 
Foods

S L I D E  1 4  •  P H O T O R E A L I S T I C  G A L L E R Y  •  S O N N E N B U R G  C E L L  2 0 2 1

C E L L  2 0 2 1

PHOT OREA LIST IC  – FERMENT ED FOODS •  SA UERKRA UT  KIMC HI Y OG URT  – T EA L G LOW

Sauerkraut Kimchi Yogurt Kefir

Gut Factory

→

Immune

→

Lung Dock

4-6 /wk ↑ Diversity 30g Fiber

LA D D ER 5  – GUT-LUNG RESTORA TION – RT S IGNA TURE

Microscopic Axis: Budden Gut-Lung, Cryan Gut-Brain

1
Sonnenburg Cell 2021 – Fermented diet17 wk, 4-6 servings/wk →microbiome 

diversity ↑19 of 19 inflammatory markers ↓ inc. IL-6, IL-10, IL-12B.

2
Fiber → Butyrate → Treg → sIgA30-35g/day – short-chain fatty acid, regulatory T 

T cells, secretory IgA defense rhythm restores.

3

Probiotics LGG + BB536Lactobacillus rhamnosus GG + Bifidobacterium – RCT 

evidence for RT viral defense, ZRT <30 mg/dL risk.

4

C linical Integ rationNasal NO 20% Lundberg humidified + HRV resonant 5.5s sIgA 

+45% – one network Brain Gut Lung Immune.

5
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Brain-Gut-Lung  Axis – Orchestrated Ecosystem • One 
Network

SLIDE 15 •  FANCY SCRIPT •  GLOWING TEAL NEURAL 

FIBERS

PHOT OREA LIST IC  – G LOWING  T EA L NEURA L FIBERS – FA NC Y  SC RIPT  EDIT ION

Brain Gut Lung Immune Endocrine – One Network

Roles – CEO / Factory / Dock

B
Brain  C EO : NTS brain LTP long-term potentiation centralizes cough, 

dyspnea, anxiety. Vagal 100k fibers 80% afferent listening nerve –

therapeutic window.

G
Gut Factory: Fiber 30-35g → butyrate SCFA → Treg → sIgA ↑. Sonnenburg 

fermented 4-6/wk diversity ↑ IL-6 ↓ – gut drives lung defense.

L
Lung  Shipping  D ock: TRPA1 wasabi, TRPV1 chili, TRPV4 stretch alarms. 

MRGPRX2 panic button mast cell. Nasal NO +20% humidified protects.

VAGAL BRAKE – QUANTIF IE D – HRV VITAL SIGN

100k 80%

SDNN <20 5.5s

HPA Axis – Neuroendocrine Integrated Connection CRH →ACTH 

CRH →ACTH →Cortisol CAR Morning → Immune T-cell Homing CXCR4 →Sleep Melatonin GH

SLIDE 16 •  GLOWING TEAL DIAGRAM •  PHOTOREALISTIC

CAR RESTORATION

Bright light AM 10k lux 30 min → CAR 

recovers 50% – HPA brake restored.

WARM BATH PROTOCOL

40°C 90 min pre-bed ↑ melatonin ↑ GH ↑

CXCR4 – Dimitrov 2019 Sleep.

CLINICAL LINK

Flat CAR = chronicity engine active –

correlates HRV SDNN <20 ms + sIgA <30.

+50%

CXCR4 ↑

!

Hypothalamus

CRH
Pituitary

ACTH
Adrenal

Cortisol CAR
Immune

T-cell homing
Sleep

Melatonin GH
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SL IDE  1 7  •  CHRO N IC CO UGH HYP E RSE N SITIV ITY SYN DRO ME

Chronic Cough Hypersensitivity 
P2X3 • TRPV1

TRP
TRPV1 Chili + TRPA1 Wasabi Sensors HypersensitiveCapsaicin C5 threshold ↓ – cold air, 

cold air, scents, fragrances, stress, smoke trigger – explains allergy-negative.

P2X3
ATP – P2X3 Purinergic Alarm – Gefapixant 45mg BID FDA 2024Belvisi + Smith Lancet 

Lancet COUGH-1/2 – ATP released by stressed epithelium drives urge-to-cough 

via jugular C-fibers.

NTS
Central Sensitization LTP in Nucleus Tractus SolitariusLong-term potentiation locks loop 

locks loop – vagal brake SDNN <20 ms severe – HARQ Hull 0-70 high, LCQ low.

RT
Break Loop Ladder 2: Lidocaine 2% 2mL Neb TRP Block Acute+ Speech pathology cough 

pathology cough suppression, resonant 5.5s 0.09 Hz BID ETCO2 35-40, auricular 

VNS cymba concha ↑HRV 15-20 ms.

Mast Cell MRGPRX2 Tryptase Scissors

↓ ATP ↑ → P2X3 → TRPV1

NTS Brain LTP Low HRV Vagal Brake

Chronicity Engine – Feed-Forward Loop

ASSESSMENT TOOLKIT – THINK OUTSIDE PFTS

Capsaicin C5 hypersensitive HARQ Hull 0-70 LCQ Leicester Cough Q Elite HRV SDNN <20 severe

sIgA ZRT <30 risk Saccharin >20 min slow CBF

R

SL IDE  1 8 •  K E Y TA K E A WA YS •  P A THO L O GY GA L L E RY

Inflammation to Remodeling
Remodeling – Organized 
Sequential

S2
Inflamed Lungs 40× – Hyperemia + neutrophils – sensor alarm MRGPRX2 

panic button

S3-4
Em physem a +  D iseased Bronchi – Wall destruction + goblet hyperplasia 

>50%

S5-7
Edem a → H yaline → ARD S – Flooded alveoli pink frothy → DAD → low Vt 

TRPV4 protection

S8-

12

Neonatal → Pneumoconiosis → Neural – Developmental + environmental + 

environmental + brain-gut-lung network

1
Lesion → Network – Paradigm ShiftBrain CEO, Gut Factory, Lung Dock – vagal 100k 80% 

afferent listening nerve. Photorealistic gallery shows continuum, not isolated lesion.

2
Sensor Sensitization Drives ChronicityTRPA1 wasabi cold, TRPV1 chili heat, TRPV4 stretch, 

MRGPRX2 panic – feed-forward loop Mast Cell →Tryptase scissors → PAR-2 nerve → NTS 

LTP → Cough → Low HRV.

3
Defense Rhythm – Measurable at BedsidesIgA ZRT <30 risk, CBF 12→8 Hz slow saccharin >20 

>20 min, HRV SDNN <20 ms severe – think outside PFTs with 3 Questions + HRV vital sign.

4
RT Signature – Ladders 1-5 PreviewRemove Sensor (nasal NO 20% HEPA DIM), Break Loop 

(Gefapixant P2X3 FDA 2024), Restore Vagal Brake (5.5s 0.09 Hz), HPA Sleep, Gut-Lung (fiber 

30g Sonnenburg).

5
Photorealistic Teaching CueAll H&E 40× teal academic framing scale bar 50μm – recall: 

inflamed looks cellular, emphysema looks empty, hyaline looks pink membranes, remodeling 

looks thick wall.

→
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References – Pathology Gallery 2002-2024 • Evidence-
Based

SLIDE 19 •  ORGANIZED SEQUENTIAL •  LIGHT TEAL MEDICAL 

GLOW

CORE EVIDENCE – INFLAMMATION TO REMODELING

Barnes PJ 2018 – Remodeling: Small airway remodeling smooth muscle hypertrophy + subepithelial 

subepithelial fibrosis >6.5μm RBM.

H am anaka 2023 N ature M ed – PN EC : Pulmonary neuroendocrine cells bombesin drives fibrosis 

link.

Lang e 2015 &  GO LD  2024: COPD emphysema low FEV1 trajectory – TRPV4 stretch sensor target.

ARDSNet NEJM 2000 – Low Vt: 6 mL/kg PBW TRPV4 protection – volutrauma ↓ mortality 22%.

Tracey K J N ature 2002: Inflammatory reflex vagus cholinergic anti-inflammatory – telephone wire.

McNeil Nature 2015 – MRGPRX2: Panic button mast cell non-IgE alarm – tryptase scissors PAR-2.

GUT-LUNG-BRAIN & THERAPEUTIC ACCESS

Budden KF Nat Microbiol 2019: Gut-lung dysbiosis fiber → butyrate → Treg → sIgA defense.

Sonnenburg  C ell 2021: Fermented 4-6/wk diversity ↑ IL-6 IL-10 IL-12 ↓ – Sonnenburg high 

diet.

Zaccaro 2018 & Bonaz 2021: Resonant breathing 0.09 Hz sIgA +45% IL-6 -20% HRV +15-20 ms 

auricular VNS cymba concha.

C ohen N EJM  1991 &  Jarczok: Stress sIgA HRV SDNN <20 ms severe vagal brake loss – 1-min vital 

Smith Lancet 2020 – Gefapixant: P2X3 antagonist COUGH-1 COUGH-2 FDA 2024 ATP cough blockade.

blockade.

AirNow.gov Elite HRV

HARQ LCQ ZRT sIgA

→

P A RT 2  C O MP L E TE  •  P A TH O L O G Y G A L L E RY •  2 0  S L I D E S  •  P H O TO RE A L I STI C

Thank You – End of Part 2 
2 Transition to Part 3: Clinical Integration

Brain CEO Gut Factory Lung Dock  Immune  Endocrine

Next: Part 3 – Ladders 1-5 • Resonant 5.5s 0.09 Hz • Vagal Brake • Recommended Action Plan (replaces Tucson Action Plan) →
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