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ALAGILLE SYNDROME:ALAGILLE SYNDROME:
DIAGNOSTIC CRITERIADIAGNOSTIC CRITERIA

� Bile duct paucity
Plus 3 of 5 clinical criteria
• cholestasis
• characteristic facies
• cardiac murmur• cardiac murmur
• ocular abnormalities
• skeletal abnormalities
Other abnormalities
• renal disease
• pancreatic disease
• intracranial hemorrhage
Mutations in Jagged1
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FREQUENCY OF THE 5 MAJOR FREQUENCY OF THE 5 MAJOR 
FEATURES OF AGS FEATURES OF AGS 

Number of Patients Liver Heart

334    317/334 320/334

Percent of patients 95% 96%

Compilation of 5 studies

FREQUENCY OF THE 5 MAJOR FREQUENCY OF THE 5 MAJOR 
FEATURES OF AGS FEATURES OF AGS 

Eye Vertebrae Facies

320/334 209/263 178/276      312/332

79% 64% 94%

Compilation of 5 studies



RENAL DISEASE IN AGS RENAL DISEASE IN AGS 

• Frequency of involvement is 40 percent 
(4 out of 10 children)

» Structural 

» Microscopic

» Functional

RENAL DISEASE IN AGS RENAL DISEASE IN AGS 

Frequency of involvement is 40 percent 



RENAL INVOLVEMENT IN AGSRENAL INVOLVEMENT IN AGS

� Kidneys involved in 40%

� Likely a cardinal feature of 
the syndrome

� Renal tubular acidosis is the 
most common functional abnormality
(important cause of growth failure)
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Likely a cardinal feature of 

Renal tubular acidosis is the 
most common functional abnormality
(important cause of growth failure)



NORMAL KIDNEY ANATOMYNORMAL KIDNEY ANATOMYNORMAL KIDNEY ANATOMYNORMAL KIDNEY ANATOMY



FUNCTIONAL UNIT OF THE KIDNEY

NephronNephron

FUNCTIONAL UNIT OF THE KIDNEY

NephronNephron



NORMAL KIDNEY DEVELOPMENTNORMAL KIDNEY DEVELOPMENT

The renal excretory system of the human passes through 
three stages of development.

NORMAL KIDNEY DEVELOPMENTNORMAL KIDNEY DEVELOPMENT

The renal excretory system of the human passes through 
three stages of development.

The intermediate mesoderm                                    
becomes segmented into units                                                                            
termed nephrotomes. The lateral                                                                                 termed nephrotomes. The lateral                                                                                 
portions of the nephrotomes                                                                               
unite, forming a longitudinal duct                                                                                 
on each side of the embryo.



NORMAL KIDNEY DEVELOPMENTNORMAL KIDNEY DEVELOPMENTNORMAL KIDNEY DEVELOPMENTNORMAL KIDNEY DEVELOPMENT



• Regulates body fluid volume by controlling water 

absorption and excretion

• Reabsorbs and secrete electrolytes to maintain a 

NORMAL RENAL FUNCTIONSNORMAL RENAL FUNCTIONS

• Reabsorbs and secrete electrolytes to maintain a 

balance in the body  (sodium, potassium, bicarbonate)

• Clears waste products (urea, uric acid) and acids 

(hydrogen ion, phosphates, sulfates)
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Reabsorbs and secrete electrolytes to maintain a 

balance in the body  (sodium, potassium, bicarbonate)

Clears waste products (urea, uric acid) and acids 

(hydrogen ion, phosphates, sulfates)



• Reabsorbs many important molecules the body filters 

(bicarbonate, amino acids, glucose)

• Produces the protein [hormone] that stimulates 

NORMAL RENAL FUNCTIONSNORMAL RENAL FUNCTIONS

• Produces the protein [hormone] that stimulates 

production of red blood cells in bone marrow

• Produces proteins [hormones] that regulate vitamin D 

metabolism and help control blood pressure
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Produces the protein [hormone] that stimulates 

production of red blood cells in bone marrow

Produces proteins [hormones] that regulate vitamin D 

metabolism and help control blood pressure



RENAL INVOLVEMENT IN AGS RENAL INVOLVEMENT IN AGS 
40% FREQUENCY40% FREQUENCY

Structural Small hyperechoic kidneys
Bifid renal pelvis
Single kidney
Cystic renal disease
Renal artery stenosis

Microscopic Tubulointerstitial nephropathy
Juvenile nephronophthisis
Mesangiolipidosis

Functional Renal acidosis
Renal insufficiency as an infant
Decreased creatinine clearance
Renal failure
Hypertension
Nephrolithiasis

RENAL INVOLVEMENT IN AGS RENAL INVOLVEMENT IN AGS --
40% FREQUENCY40% FREQUENCY

Small hyperechoic kidneys
Bifid renal pelvis
Single kidney
Cystic renal disease
Renal artery stenosis

Tubulointerstitial nephropathy
Juvenile nephronophthisis
Mesangiolipidosis

Renal acidosis
Renal insufficiency as an infant
Decreased creatinine clearance
Renal failure
Hypertension
Nephrolithiasis



RENAL DISEASE IN AGSRENAL DISEASE IN AGS

• Wide spectrum of renal abnormalities

• Patients may have obvious renal disease in infancy or 
may lack overt signs of clinical renal 

• Kidney disease may  be recognized by • Kidney disease may  be recognized by 
– a low level of bicarbonate in the blood
– a high level of creatinine in the blood
– protein, blood or glucose in the urine
– the presence of a urinary tract infection
– may be  found incidentally on ultrasound 

• Most persons with ALGS do not develop kidney failure

RENAL DISEASE IN AGSRENAL DISEASE IN AGS

Wide spectrum of renal abnormalities

may have obvious renal disease in infancy or 
may lack overt signs of clinical renal disease

Kidney disease may  be recognized by Kidney disease may  be recognized by 
a low level of bicarbonate in the blood

in the blood
protein, blood or glucose in the urine
the presence of a urinary tract infection
may be  found incidentally on ultrasound 

do not develop kidney failure



• Blood levels of electrolytes Sodium (Na), Potassium (K)

• Blood of acid/base Bicarbonate (HCO3)

• Blood nitrogen excretion BUN

• Elimination of breakdown products Creatinine

ASSESMENT OF RENAL ASSESMENT OF RENAL 
FUNCTION AND DYSFUNCTIONFUNCTION AND DYSFUNCTION

• Elimination of breakdown products Creatinine

• Elimination of waste products Sulfates, Phosphates

• Leakage of products into urine Amino acids in urine

• Leakage of base into urine HCO3 in renal tubular acidosis

• Kidney hormone signals for blood Anemia (hemoglobin, 

• Kidney hormone signals for B.P. Hypertension 

• Acid build up Growth failure 

• Kidney activation of vitamin D Bone disease

Sodium (Na), Potassium (K)

Bicarbonate (HCO3)

BUN

Creatinine (Cr)

ASSESMENT OF RENAL ASSESMENT OF RENAL 
FUNCTION AND DYSFUNCTIONFUNCTION AND DYSFUNCTION

Creatinine (Cr)

Sulfates, Phosphates

Amino acids in urine

HCO3 in renal tubular acidosis

Anemia (hemoglobin, Hgb)

Hypertension 

Growth failure 

Bone disease



EVALUATION FOR KIDNEY EVALUATION FOR KIDNEY 
INVOLVEMENT IN AGSINVOLVEMENT IN AGS

• Blood
– Creatinine, blood urea nitrogen (BUN), 

bicarbonate, and electrolytes
• Urine

– pH, presence of protein or sugar
• Overall function• Overall function

– Estimated or 24 hour urine creatinine clearance
• Imaging

– Renal ultrasound
– CT scan or MR scan
– Voiding cysto-urethrogram (VCUG)
– Intravenous pyelogram (IVP) 
– Renal scintiscans (nuclear medicine)

EVALUATION FOR KIDNEY EVALUATION FOR KIDNEY 
INVOLVEMENT IN AGSINVOLVEMENT IN AGS

Creatinine, blood urea nitrogen (BUN), 
bicarbonate, and electrolytes

pH, presence of protein or sugar

Estimated or 24 hour urine creatinine clearance

urethrogram (VCUG)
Intravenous pyelogram (IVP) – rarely used today
Renal scintiscans (nuclear medicine)



MOST COMMON TYPES OF RENAL MOST COMMON TYPES OF RENAL 
INVOLVEMENT IN AGSINVOLVEMENT IN AGS

• Small kidney (hypoplastic)

• Dysplastic kidneys (small, normal size , large)

• Renal cysts

• Duplex collecting system

• Uretero-pelvic junction obstruction

• Renal artery stenosis

• Renal tubular acidosis

MOST COMMON TYPES OF RENAL MOST COMMON TYPES OF RENAL 
INVOLVEMENT IN AGSINVOLVEMENT IN AGS

Dysplastic kidneys (small, normal size , large)

pelvic junction obstruction



RENAL HYPOPLASIARENAL HYPOPLASIA

Congenital small kidney with decreased number 
of normal nephrons

RENAL HYPOPLASIARENAL HYPOPLASIA

Congenital small kidney with decreased number 
of normal nephrons



RENAL DYSPLASIARENAL DYSPLASIA

Kidney/s that have primitive abnormal glomeruli 
tubules, cysts, fibrous tissue, cartilage and even bone
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Kidney/s that have primitive abnormal glomeruli 
tubules, cysts, fibrous tissue, cartilage and even bone



FINDINGS IN RENAL DYSPLASIAFINDINGS IN RENAL DYSPLASIA

A. Primitive pelvis
B. Primitive duct
C. Primitive ductules
D. Primitive tubules
E. Primitive glomeruli

FINDINGS IN RENAL DYSPLASIAFINDINGS IN RENAL DYSPLASIA

E. Primitive glomeruli
F. Cartilage deposits
G. Cysts
H. Fibrosis



NEPHRONOPHTHISIS NEPHRONOPHTHISIS 
DISEASE COMPLEXDISEASE COMPLEX
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DISEASE COMPLEXDISEASE COMPLEX



NEPHRONOPHTHISIS NEPHRONOPHTHISIS --
DISEASE COMPLEXDISEASE COMPLEX

• Appear as small kidneys

• Renal medulla with cysts and dilated 

tubules

• Acellular connective tissue

• Unable to concentrate urine, low • Unable to concentrate urine, low 

serum bicarbonate

-- MEDULLARY CYSTIC MEDULLARY CYSTIC 
DISEASE COMPLEXDISEASE COMPLEX
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May have no symptoms and 
incidentally found on 
ultrasoundultrasound

Can lead to recurrent urinary 
tract infections

May not need treatment unless 
have reflux, ureterocele, or 
other abnormality



Uretero-Pelvic Junction Obstruction

• Abnormal connection between 
renal pelvis and ureter

• Leads to obstruction of urine • Leads to obstruction of urine 
flow

Pelvic Junction Obstruction

Abnormal connection between 

Leads to obstruction of urine Leads to obstruction of urine 



RENAL TUBULAR ACIDOSISRENAL TUBULAR ACIDOSIS

• Should be checked for by screening urine and serum 

electrolytes

• May not have any obvious structural abnormalities of kidneys

• Treatable with supplementation of bicarbonate

• Should be followed by a nephrologist

RENAL TUBULAR ACIDOSISRENAL TUBULAR ACIDOSIS

Should be checked for by screening urine and serum 

May not have any obvious structural abnormalities of kidneys

Treatable with supplementation of bicarbonate

Should be followed by a nephrologist



GLOMERULAR MESANGIOLIPIDOSISGLOMERULAR MESANGIOLIPIDOSIS

• Deposition of lipid in the cells of the kidney

• May affect filtration and function such that protein is seen in the urine 

• May advance with age; usually seen as increasing creatinine, protein in 

the urine and lack of concentration of the urine

• Extent may be related to degree of cholestasis• Extent may be related to degree of cholestasis

• May be completely silent

GLOMERULAR MESANGIOLIPIDOSISGLOMERULAR MESANGIOLIPIDOSIS

Deposition of lipid in the cells of the kidney

May affect filtration and function such that protein is seen in the urine 

May advance with age; usually seen as increasing creatinine, protein in 

the urine and lack of concentration of the urine

Extent may be related to degree of cholestasisExtent may be related to degree of cholestasis



RENAL ARTERY STENOSISRENAL ARTERY STENOSISRENAL ARTERY STENOSISRENAL ARTERY STENOSIS



RENAL DISEASE IN ALGS:RENAL DISEASE IN ALGS:
WHAT HAPPENSWHAT HAPPENS

• Appears to be a mixture of defects in formation of the organ and 

problems with lipid deposition secondary to the cholestasis

• Outcome depends on 

– whether  one or both kidneys are affected 

– on the severity and extent of cysts and 

– simple cysts are not a problem

– early evidence of serious kidney involvement is associated with worse 

outcome

– severity of cholestasis

RENAL DISEASE IN ALGS:RENAL DISEASE IN ALGS:
WHAT HAPPENSWHAT HAPPENS

Appears to be a mixture of defects in formation of the organ and 

problems with lipid deposition secondary to the cholestasis

whether  one or both kidneys are affected 

on the severity and extent of cysts and tubulointerstial disease

early evidence of serious kidney involvement is associated with worse 



RENAL DISEASE IN AGS:RENAL DISEASE IN AGS:
FURTHER CONSIDERATIONSFURTHER CONSIDERATIONS

• Renal disease can contribute to growth failure

• Renal disease can contribute to bone disease

• Renal failure can occur • Renal failure can occur 

• Renal hypertension can occur

• Renal disease can affect strategy for transplantation medications

• Transplant medications and certain antibiotics can further damage the 

– Liver transplantation followed years later by kidney transplantation

RENAL DISEASE IN AGS:RENAL DISEASE IN AGS:
FURTHER CONSIDERATIONSFURTHER CONSIDERATIONS

Renal disease can contribute to growth failure

Renal disease can contribute to bone disease

Renal disease can affect strategy for transplantation medications

Transplant medications and certain antibiotics can further damage the kidneys

transplantation followed years later by kidney transplantation



RENAL INVOLVEMENT IN AGS:  RENAL INVOLVEMENT IN AGS:  
RECOMMENDATIONSRECOMMENDATIONS

• Baseline renal ultrasound to evaluate for structural anomalies (can be 

done with liver/spleen ultrasound)

• Monitor renal function and acid base balance with routine labs • Monitor renal function and acid base balance with routine labs 

creatinine/Bicarbonate

• Monitor urine for proteinuria

• Check for renal tubular acidosis if growth is poor 

urine pH

RENAL INVOLVEMENT IN AGS:  RENAL INVOLVEMENT IN AGS:  
RECOMMENDATIONSRECOMMENDATIONS

Baseline renal ultrasound to evaluate for structural anomalies (can be 

Monitor renal function and acid base balance with routine labs - BUN / Monitor renal function and acid base balance with routine labs - BUN / 

Check for renal tubular acidosis if growth is poor – metabolic panel and 
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The Notch Signaling Pathway

JAG1, 2
Delta 1,3,4
(ligands)

Notch

Cell Membrane

Notch
(receptors)

The Notch Signaling Pathway

Notch 1,2,3,4
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Cell MembraneNotch 1,2,3,4
(receptors)

Inhibition of 
differentiation

DNA

Nucleus

Cell Membrane



Notch2 is required for mouse model of 

J1N2+/-

Wildtype

is required for mouse model of ALGS

•Abnormal bile ducts

•Heart defects

•Eye anomalies

•Hypoplastic kidneys



Notch2 Hypomorphs Exhibit Kidney Defects

Lack of development of glomeruli in m/mHypoplastic kidneys in m/m

Development 128, 2001

Hypomorphs Exhibit Kidney Defects

Lack of development of glomeruli in m/m
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