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Learning goals

• Define the syndrome and its relationship to IPEX.

• Explain how impaired regulatory T cells permit multisystem autoimmunity.

• Interpret the reported intestinal inflammatory pattern.

• Distinguish major mimics and connect findings to therapeutic principles.



Disease concept: Persistent diarrhea with autoimmunity

Severe, persistent diarrhea is the defining gastrointestinal presentation.

Other autoimmune manifestations provide the systemic context.

The Robbins account emphasizes presentation in young children.



A syndrome, not simply isolated bowel inflammation

Impaired immune 
regulation

Autoimmune tissue 
responses

Intestinal disease + 
extraintestinal autoimmunity

Mechanistic schematic



Clinical timing: Early life is a major clue

• Young children are especially emphasized in the source description.

• The combination of early onset and severe persistence raises the importance of 
inherited immune dysregulation.

• Age is contextual—not a stand-alone diagnostic criterion.



Why “persistent” diarrhea matters

Transient illness

A short-lived episode alone cannot 
establish the AIE syndrome.

Persistent syndrome

Ongoing diarrhea plus 
autoimmunity prompts a broader 
evaluation.



The intestine is one site of systemic autoimmunity

Gastrointestinal 
involvement

Immune dysregulation
Other autoimmune 

disease

Conceptual grouping



IPEX expands the clinical phenotype

I Immune dysregulation P Polyendocrinopathy

E Enteropathy X X-linked



IPEX is the severe familial form highlighted by Robbins

• A particularly severe inherited form of autoimmune enteropathy.

• Associated with germline loss-of-function variants in FOXP3.

• Intestinal manifestations are part of a broader autoimmune syndrome.



The causal gene in IPEX is FOXP3

Germline FOXP3 loss of 
function

Defective regulatory T cells
Severe systemic 

autoimmunity, including 
enteropathy



X-linked inheritance: What the source establishes

Genetic location

FOXP3 is located on the X 
chromosome.

Disease relationship

A germline loss-of-function 
mutation is the basis of the IPEX 
form.



FOXP3 is a transcription factor

The encoded protein regulates gene expression.

It is expressed in CD4+ regulatory T cells.

Deficiency compromises development and function of this regulatory lineage.



Regulatory T cells protect against self-reactivity

Self-reactive immune 
potential

Regulatory T-cell 
suppression

Peripheral self-tolerance



Phenotype of the best-defined regulatory T cells

CD4+ T cell High CD25 FOXP3 expression

Conceptual grouping



Regulatory T-cell ontogeny

Thymus

Regulatory T cells develop mainly in 
the thymus during recognition of 
self antigens.

Periphery

Additional regulatory T cells can be 
induced in peripheral lymphoid 
tissues.



IL-2 is required for regulatory T-cell maintenance

IL-2 / IL-2 receptor 
signaling

Functional T-regulatory-cell 
maintenance

Immune restraint



CTLA-4 limits T-cell costimulation

Antigen-presenting cell 
with B7

CTLA-4 activity of 
regulatory T cells

Reduced costimulation of 
responding T cells

Mechanistic schematic



Regulatory cytokines suppress effector responses

IL-10

An immunosuppressive cytokine 
implicated in regulatory T-cell 
function.

TGF-β

Also helps inhibit lymphocyte 
activation and effector functions.



Immune tolerance is an active process

Regulatory T cells restrain immune reactions to self antigens.

Loss of restraint can permit multiorgan inflammation.

Intestinal injury in IPEX is one manifestation of this failure.



From FOXP3 loss to enteropathy

FOXP3 loss of 
function

Abnormal Treg 
development / 

function

Failure of immune 
regulation

Autoimmune 
enteropathy



Not all cases are attributed to FOXP3

• FOXP3 loss of function identifies the IPEX-associated form.

• Robbins also links other regulatory T-cell defects to less severe autoimmune 
enteropathy.

• Do not equate the entire disease spectrum with one genotype.



A genotype is not identical to a histologic pattern

Molecular level

FOXP3 mutation establishes a 
particular etiologic pathway.

Tissue level

Biopsy demonstrates mucosal 
changes that are not gene-specific.



Autoantibodies show the breadth of autoreactivity

E Enterocyte antibodies G Goblet-cell antibodies

P Parietal-cell antibodies I Islet-cell antibodies



Enterocyte-directed autoantibodies

• Antibodies directed against enterocytes are common in AIE.

• The target corresponds to the intestinal absorptive epithelial compartment.

• An associated autoantibody finding must be integrated with clinical and 
morphologic context.



Goblet-cell-directed autoantibodies

• Anti-goblet-cell antibodies are also reported commonly.

• Goblet cells are part of the intestinal epithelial compartment.

• This finding supports an autoimmune phenotype but is not given as a stand-alone 
diagnostic criterion.



Extraintestinal autoantibodies

Parietal cells

Autoantibodies may be detected in 
some patients.

Islet cells

Autoantibodies may also be 
detected in some patients.



Autoantibody patterns are supportive observations

Associations, not formal antibody-based diagnostic criteria.

Antibody detection alone does not explain every clinical manifestation.

Keep the phenotype, histology, and inherited-regulation pathway separate.



Small-intestinal mucosal compartments

Epithelial mantle

IELs inside epithelial lining

Lamina propria in villous core

Schematic — normal compartments, not AIE histology



Intraepithelial lymphocytes may increase

• IELs are lymphocytes within the epithelial layer.

• In AIE, an increase may be present.

• This rise is typically less extensive than in celiac disease.



Neutrophils offer a contrasting clue

• Neutrophilic infiltration of intestinal mucosa is often reported in AIE.

• The source explicitly contrasts this with celiac disease.

• Interpret the neutrophils as part of a pattern, never an exclusive marker.



Interpret both immune-cell populations together

Feature Autoimmune enteropathy Celiac disease comparison

Intraepithelial 
lymphocytes

May increase Generally more extensive

Neutrophils in mucosa Often seen Contrasted as less typical

Specificity Neither cell type proves AIE Neither single finding proves celiac



Histology: Reported findings and limitations

Describes

Possible IEL increase and frequent 
mucosal neutrophils.

Does not establish

A required villous grade, a numeric 
histologic cutoff, or a 
pathognomonic lesion.



Tissue findings require clinical interpretation

Persistent 
diarrhea

Enteropathy with 
inflammatory 

changes

Concurrent 
autoimmunity / 

Treg defect

Integrated 
hypothesis



The physiology of malabsorption

Malabsorption is defective absorption of nutrients, electrolytes, and water.

Stool and nutritional effects may converge across distinct etiologies.

Symptoms alone therefore identify the problem imperfectly.



Four physiological stages of nutrient absorption

Luminal digestion
Brush-border 

terminal digestion
Transepithelial 

transport
Lymphatic lipid 

transport



Diarrhea has more than one mechanism

Category Textbook descriptor

Secretory Persists during fasting

Osmotic Unabsorbed luminal solutes; improves with fasting

Malabsorptive Generalized absorptive failure; often steatorrhea

Exudative Inflammatory, sometimes purulent or bloody



Why malabsorptive conditions look similar

• Different defects can converge on diarrhea, weight loss, and abdominal distention.

• Failure in one absorption stage can coexist with defects in another.

• The clinical pattern must be interpreted alongside disease-specific findings.



Systemic consequences of chronic malabsorption

Absorptive deficit Potential clinical consequence

Iron, folate, or vitamin B12 Anemia or mucosal abnormalities

Vitamin K Bleeding tendency

Calcium, magnesium, vitamin 
D

Bone or neuromuscular consequences

General nutrient deficit Weight loss / muscle wasting



Why the autoimmune context changes interpretation

Intestinal physiology

Diarrhea and nutritional failure can 
follow many mucosal disorders.

Immune phenotype

Coexisting autoimmune disease 
and Treg defects narrow 
mechanistic hypotheses.



Celiac disease is a crucial immune-mediated comparator

Celiac disease

Gluten-driven enteropathy in a 
genetically susceptible host.

Autoimmune enteropathy

Regulatory immune dysfunction, 
with IPEX as a major example.



Celiac disease has a defined antigenic trigger

Dietary gluten
TG2-mediated 

peptide 
modification

HLA-DQ2/DQ8 
presentation

Adaptive mucosal 
response



Celiac mucosa has a characteristic combination

Increased IELs Crypt hyperplasia Villous atrophy

Conceptual grouping



Keep celiac-specific morphology distinct

Celiac disease is characterized by increased IELs, crypt hyperplasia, and 
villous atrophy.

The AIE paragraph emphasizes a less extensive IEL increase and frequent 
neutrophils.

Shared inflammatory changes must be interpreted with disease-specific clinical 
context.



Celiac serology addresses a different pathway

• Anti-TG2 IgA and antiendomysial antibodies are described for celiac disease.

• Celiac evaluation integrates serology with histology.

• These are not the enterocyte/goblet-cell autoantibodies listed under AIE.



Autoimmune enteropathy versus celiac disease

Dimension Autoimmune enteropathy Celiac disease

Main context Autoimmunity / Treg defects Dietary gluten exposure

Established gene 
example

FOXP3 in IPEX HLA-DQ2 / HLA-DQ8 predisposition

Mucosal emphasis Neutrophils; variable IELs Prominent IELs, crypts, villi

Therapy in source Immune suppression; HSCT Gluten-free diet



Lactase deficiency: An osmotic comparator

Mechanism

Absent / reduced brush-border 
lactase retains unabsorbed lactose.

Distinguishing context

Dietary lactose association; 
Histology generally unremarkable.



Microvillus inclusion disease: A transport comparator

MYO5B-associated 
trafficking defect

Defective brush-border 
assembly

Severe early diarrhea



Abetalipoproteinemia: A lipid-transport comparator

MTP deficiency
Defective apolipoprotein B 

lipoprotein assembly
Fat malabsorption and 

steatorrhea



Environmental enteric dysfunction: Different context

Exposure

Linked to poor sanitation, repeated 
enteric exposure, and mucosal 
dysfunction.

Evidence gap

No accepted single clinical, 
laboratory, or histologic criteria.



Infection can also produce epithelial injury

• Enteric infection is an important competing cause of diarrhea.

• The celiac section explicitly notes that IEL increases and villous atrophy are not 
exclusive to celiac disease.

• A shared mucosal abnormality cannot identify immune dysregulation by itself.



Intestinal graft-versus-host disease

Clinical setting

A recognized cause of 
malabsorption and diarrhea after 
allogeneic stem-cell 
transplantation.

Reasoning point

Treatment history can matter as 
much as the biopsy pattern in 
enteropathy.



A structured enteropathy differential

Cause Mechanistic discriminator Helpful context

IPEX/AIE Treg immune dysregulation Autoimmunity; FOXP3 form

Celiac Gluten-directed response TG2 serology, histology

Lactase deficiency Osmotic carbohydrate defect Lactose-related symptoms

Microvillus inclusion Epithelial trafficking defect MYO5B; early severe diarrhea

Abetalipoproteinemia Lipoprotein assembly defect Steatorrhea; lipid transport



Organize the diagnostic information by domain

Phenotype and age Biopsy pattern
Immune / genetic 

context

Conceptual grouping



Pattern recognition has limits

• Neither increased IELs nor neutrophils alone establishes a diagnosis.

• The source does not establish a mandatory numeric histologic cutoff for AIE.

• Do not substitute a celiac biopsy figure for evidence of AIE morphology.



AIE treatment: Immunosuppression

Regulatory failure and 
autoimmunity

Immune-directed therapy
Example reported: 

Cyclosporine



Allogeneic hematopoietic stem-cell transplantation

Listed by Robbins as a therapy for autoimmune enteropathy.

Represents an immune-system-directed intervention in selected contexts.

The excerpt does not provide selection criteria, risks, success rates, or timing.



Keep therapeutic context and differential distinct

Therapeutic role

Allogeneic transplantation is 
included among treatments for AIE.

Potential competing etiology

Graft-versus-host disease can cause 
post-transplant enteropathy.



Hypothetical case: Enteropathy plus systemic autoimmunity

Hypothetical teaching vignette

• A young child has severe persistent diarrhea and additional autoimmune 
manifestations.

• Genetic testing identifies a germline loss-of-function FOXP3 variant.

• Question: What unifies the gastrointestinal and systemic findings?



Case interpretation: Defective immune regulation

FOXP3 loss of function
Defective CD4+ regulatory 

T cells
IPEX-associated 

autoimmune enteropathy



Hypothetical case: Intestinal lymphocytosis

Hypothetical teaching vignette

• A patient with chronic diarrhea has increased intraepithelial lymphocytes.

• No immune phenotype or disease-specific serology has yet been characterized.

• Question: Can this biopsy finding alone identify AIE or celiac disease?



Case interpretation: Seek discriminating evidence

• No: Intraepithelial lymphocytosis is not specific to either diagnosis.

• Celiac-specific history, serology, and mucosal features require assessment.

• AIE requires interpretation in the context of immune dysregulation and its reported 
inflammatory pattern.



Hypothetical case: Severe diarrhea very early in life

Hypothetical teaching vignette

• An infant develops intractable diarrhea during the first months of life.

• The main question is whether the defect is immune or epithelial.

• Which alternative textbook disorder involves defective brush-border membrane 
trafficking?



Case interpretation: MYO5B-related enteropathy

• Microvillus inclusion disease results from defective MYO5B-related trafficking.

• It may produce severe diarrhea in early infancy.

• An early age alone therefore cannot distinguish inherited epithelial disease from 
immune dysregulation.



Common diagnostic reasoning pitfalls

Pitfall Correction

Every AIE case = FOXP3 
mutation

IPEX is one severe familial form

IEL rise alone identifies 
disease

IEL increase occurs in multiple disorders

Celiac features automatically 
identify AIE

Keep entity-specific histology separate

Autoantibody = definitive 
diagnosis

Integrate clinical, tissue, immune context



Mechanism-to-phenotype synthesis

Inherited or other 
Treg dysfunction

Deficient self-
tolerance

Intestinal + 
systemic 

autoimmune 
phenotype

Persistent 
diarrhea / 
mucosal 

inflammation

Mechanistic schematic



Four points to retain

• IPEX is a severe X-linked FOXP3-related form of AIE.

• FOXP3-dependent regulatory T cells restrain autoimmunity.

• AIE may show IEL increases and often mucosal neutrophils.

• Diagnosis is integrative; Treatment examples include cyclosporine and allogeneic 
HSCT.



Primary references and source boundaries

• Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026).

• Chapter 17: The Gastrointestinal Tract — autoimmune enteropathy, celiac disease, and 
malabsorption sections.

• Chapter 6: Diseases of the Immune System — regulatory T cells and peripheral tolerance.

• Morphology and diagnostic reasoning require correlation with the full clinical and immunologic 
context.
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