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Clinical history

* Female infant born at 35 weeks gestation

* Non-consanguineous Northern European Australian
couple

* Mother G3, P2, aged 35 years
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Clinical history-mother

* Hyperemesis in the first trimester

* No exposure to angiotensin converting enzyme
inhibitor or NSAIDS
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Clinical history-infant

e Ultrasound 19 weeks gestation - normal amniotic fluid

volume and fetal morphology

e Reduced fetal movements for 2 weeks at 34 weeks —

ultrasound
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Clinical history-infant

34 weeks gestation

— symmetrically small baby

— severe oligohydramnios

— normal umbilical artery flows
— normal kidneys

Ultrasound diagnosis:

primary renal problem
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Clinical history-infant

e (Caesarian section

 Placental membranes thickened and adherent to

infant suggesting prolonged oligohydramnios

* Fixed contractures of ankles
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Clinical history-infant

e Birth weight 1680g (NR 1905 +/- 625 g )
e Apgar scores were 7 (1 minute) and 9 (5 minutes)
 Normal umbilical arterial blood gas (pH 7.27, base

excess —3.9) - excluded acute or chronic persistent
hypoxia

* Narrow chest, no clinically significant pulmonary
hypoplasia
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Clinical history-infant

* Anuric from birth — rising serum urea and creatinine
* Renal ultrasound - 2 kidneys, normal size and

morphology, no outflow obstruction

e CT scan with contrast — normal renal morphology
and perfusion
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Clinical history-infant

e Soon after birth - gastrointestinal and skin bleeding

Hepatic failure
— thrombocytopenia

— abnormal coagulation studies - prolonged prothrombin time
>200s (N 9-15s)

— low serum albumin (12 g/L (N 25-40 g/L)

— conjugated hyperbilirubinemia
— 69 umol/L, N < 20 umol/L

Ferritin 369 ug/L (NR 6-24 umol/L)
Received fresh frozen plasma and cryoprecipitate
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Clinical history-infant

* Day 3 - anuric - urea— 9.7 mmol/L, creatinine 478
umol/L

e Pathologist called - renal biopsy performed
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Anuria/Oliguria

Blood. Flow (1) Prerenal

," b Shock or interruption of blood flow to
kidneys
Bilateral renal artery occlusion
Bilateral renal vein occlusion

(2) Intrarenal

Bilateral renal agenesis or aplasia
/ Bilateral severe multicystic disease
3) Other causes of direct damage — inflammation, toxins, drugs,

infection or severe ischemia — resulting cortical/tubular necrosis
Uret Renal tubular dysgenesis
RHer ——

P T

e (3) Postrenal
G

Complete obstruction of both ureters Retention (full bladder)

Posterior urethral valve
Prostate Urethral atresia
Urethra Other obstruction distal to bladder neck
e,'., ﬁgﬁgﬁg?n Modified from : https://jointsmedicine.com/branches/urology/kidney- /%\
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Clinical history-infant

e Renal biopsy performed
— Dx renal tubular dysgenesis

 Day 4 - developed seizures
* CT scan brain — extensive parenchymal bleeding
* Day 5 —decision - withdrawal of care
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Post mortem - external

e Jaundiced

* Measurements and
weights corresponded to
36 weeks — weight 2000 g

e Mild Potter’s facies
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Post mortem - internal

* All organs in correct anatomical site

e Kidneys normal size and form - combined weight
17.2 grams (NR 18.5 +/-9.3 g) - biopsy site

* Lungs — combined weight 34.5 g (NR 33.5 +/-16 g),
lung/body weight ratio within normal limits - 0.017
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Post mortem — histology- kidney
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Patient Normal kidney 35 weeks
Crowded glomeruli, lack proximal tubules

Australian %
Q,,, National ) / \
University IAP XXXII International Congress, Amman, Jordan 2018 ACT

PATHOLOGY




Post mortem — histology - kidney

Patient Normal kidney 35 weeks

Absence of proximal tubules;
thickened arterial muscle wall
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Post mortem — histology- kidney

»Most tubules -
positive staining for
distal tubules/
collecting duct
markers (AE1/AE3
and EMA)

>No staining for
CD10 and alittle
staining for CD15 -
proximal tubule
markers
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Post mortem — EM- kidney
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»Kidney - paucity of
differentiated characteristics
of proximal tubules

Apical brush border and endocytic
vesicles and dense tubules
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Post mortem - internal

* Liver weighed 29 g (normal 96 +/-33 g)
 Nodular and green
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Post mortem — histology- liver

— Regenerative
nodules
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Post mortem — histology- liver
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— Loss of hepatocytes

— Giant cell transformation
— Pseudoacini formation

— Cholestasis

— Bile ductular proliferation
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Marked increase in stainable iron within hepatocytes,

Alggﬁgffer cells and endothelial cells i
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Post mortem — other tests

* Radiology — normal

e Cytogenetics — normal female karyotype
* Microbiology - no evidence infection

* Metabolic screen — normal

* Placenta — degenerative change of membranes,
early amnion nodosa
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Renal tubular dysgenesis - definition

* Defined by findings of Metanephric bissoms
paucity or absence of
proximal tubules in
kidney —tubules -
short- lack
convolutions and
connections to
collecting tree

 Rare disorder (<100
reported cases, 1.2%
in autopsy series)

Ureteric
bud

Nephron loop

https://www.youtube.com/watch?v=5rxzv7ZiMmWQ

Allanson (1983) Am J Med Genet 16: 5760

Swinford (1989) Am J Med Genet 32:127-132

Genest, Lage (1991) Hum Pathol 22:147-53

e First desc ri bed iNn Allanson (1992) Am J Med Genet 43:811-814
19 83 \oland (1985) Pediatr Pathol 4:231-245

Gubler (2014) Pediatr Nephrol. Jan;29(1):51-9
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https://www.ncbi.nlm.nih.gov/pubmed/23636579

Renal tubular dysgenesis — clinical

* Oligohydramnios - onset between 18 and 22 weeks
gestation in absence of ruptured membranes

e Potter’s sequence - pulmonary hypoplasia

Bale (1994) Pediatr Pathol, 14: 479-489

* Congenital anuria Avner (1985) In Vitro Cell Dev Biol
21:297-304
* May die in utero or shortly after birth e (1958 pediatr ey Pathol 1:433-
. . . Collardeau-Frachon (2012) Pediatr Dev
* Associations - hemochromatosis pathol. Nov-Dec;15(6):450-70

Koura (2015) Clin Case Rep.
Aug;3(8):690-3
Pediatr Nephrol. 2004 Mar;19(3):341-4

Renal tubular dysgenesis and neonatal hemochromatosis without pulmonary hypoplasia.
Morris S*, Akima S, Dahlstrom JE, Ellwood D, Kent A, Falk MC.

Swinford (1989) Am J Med Genet 32:127-132; Allanson (1992)Am J Med Genet 43:811-814
\Voland (1985) Pediatr Pathol 4:231-245; Kumar (1997) J Med Genet. July; 34(7): 541-545 %
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Renal+tubular+dysgenesis+dahlstrom
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morris S[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akima S[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahlstrom JE[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellwood D[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kent A[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/?term=Falk MC[Author]&cauthor=true&cauthor_uid=14677054
https://www.ncbi.nlm.nih.gov/pubmed/22901025

Renal tubular dysgenesis

e Other associations:

- Skull ossification defects - underdeveloped cranial bones
or wide sutures and fontanelles

- Microcolon
Eur J Med Genet. 2018 Jul 31. pii: S1769-7212(18)30120-4

Yamada (2011)
NDT Plus. Apr;

4(2): 141-142 — Placental Massive Perivillous Fibrin Deposition With (or

Without) Intervillous Histiocytes

_Pediatr Dev Pathol. 2018 Jan-Feb;21(1):91-94
Pediatr Dev Pathol. 2013 Sep-Oct;16(5):378-86
Pediatr Dev Pathol. 2013 Nov-Dec;16(6):447-9.

7 r Eur J Med Genet. 2018 Jul 31. pii: S1769-
1 7212(18)30120-4
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https://www.ncbi.nlm.nih.gov/pubmed/30071301
https://www.ncbi.nlm.nih.gov/pubmed/29187034
https://www.ncbi.nlm.nih.gov/pubmed/23899317
https://www.ncbi.nlm.nih.gov/pubmed/30071301

Renal tubular dysgenesis — pathogenesis

* Proximal tubule development - intact renin-angiotensin
signalling (RAS) system is required

 |nherited

— Autosomal recessive disorder

* Genetically heterogeneous

* Homozygous or compound heterozygous mutations in genes encoding renin,
?nglotensmogen, angiotensin converting enzyme or angiotensin Il receptor type

* Acquired

— Chronic ischaemia during nephrogenesis - restricted differentiation
of primitive tubules

— Excess renin - local vasoconstriction - reduced glomerular perfusion
and ultrafiltration

Zuelzer (1951) Am J Dis Child 81:25-27; Bernstein (1994) J Am Soc Nephrol 5:224-227; Voland (1985)
Pediatr Pathol 4:231-245; Kriegsman (2000) Pathol Res Pract 196:861-865; Zingg-Schenk (2008) Eur J
Pediatr 167:311-316; Yamada (2011) NDT Plus. Apr; 4(2): 141-142; Gubler MC (2014) Pediatr
Nephrol. Jan;29(1):51-9
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https://www.ncbi.nlm.nih.gov/pubmed/23636579

Renal tubular dysgenesis - pathogenesis

* Related to hypoperfusion of fetal kidneys:

— twin-to-twin transfusion in monochorionic twins- donor fetus
— major cardiac malformations

— severe liver disease

— fetal or infantile renal artery stenosis

— in utero exposure to drugs such as angiotensin converting enzyme (ACE)
inhibitors, angiotensin Il receptor antagonists, COX-2 inhibitors,
indomethacin

* COX-2 inhibitors alter renal renin activity

Oberg (1999). Pediatr Dev Path 2:25-32 Voyer (1994) Pediatr Nephrol 8:592-4

Cunniff (1990) Am J Obstet Gynecol 162:187-189 Barr (1991) Teratology 44:485-495

Robin (2000) Path Res Pract 196:791-794 Kriegsman (2000) Pathol Res Pract 196:861-865
Kaplan (1994). Pediatr Nephrol 8:700-704 Moldavsky (2009) Isr Med Assoc J. Jan;11(1):6-10
Harris RC (2003) Acta Physiol Scand. Apr;177(4):423- Lacoste M. JAm Soc Nephrol. 2006 Aug;17(8):2253-63
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Renal tubular dysgenesis — pathogenesis

proximal tubules
express abundant high
affinity and high
density for
Angiotensin |l receptor
type 1 or AT1 receptor

Angiotensinogen
ly Renin
Ang I
} AcE

- mE

Renin Angiotensin System

Renin secretion from the juxta glomerular apparatus

Y

Converts angiotensinogen ~ high levels found in proximal tubules ( ?

from liver or made locally)

L)
Angiotensin |

ACE (renal tubules)

Angiotensin converting

enzyme- secreted in lungs

—_— ]
Ang I*I ACED “% a-7n

AT R ATR  Mas

Vasoconstriction Vasodilatation
Cell proliferation Anti-proliferation
Cell hypertrophy Anti-hypertrophy

Antinatriuresis

Angiotensin || and kidneys by cells in
g T dothelium of blood vessels
—— necessla ry folr =~________(i1 &
Vasocanstriction nhormal rena Aldosterone release’
— growth and MNa/water retention
“H,_‘_M development- —
- especially proximal o
T -

Fig. 1 The renin-angiotensin system. Ang angiotensin. AT,R, AT>R-
angiotensin Il AT, and AT, receptors. ACE angiotensin-converting
enzyme. ACE2 angiotensin-converting enzyme 2. Mas Ang-(1-7)
receptor
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Increased blood pressure

Figure 5 The parkonay af the renin-angiownan system (RAS),

Wolf (1994). Exp Nephrol. 2:107-36. 14.
Kumar (1997) Med Genet. July; 34(7): 541-545
Yosypiv (2011) Pediatr Nephrol. Sep;26(9):1499-512
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Renal tubular dysgenesis — pathogenesis

Figure 5 The parkoay of the resin-angiotsn ovstem (A5,

Fetal ACE Inhibitor exposure | AR angiotensinogen/ACE def |

N

Maldevelopment of efferent renal arterioles

:

ronic fetal rana vpﬂp& usion/hypoxia
iCh ic fetal | b f h i

- Ftenal tuhular d-,rsganasus

Pathological [ Anunt‘. renal 'Dllg::uh'.rdrﬂmnms van-calvarlﬂ
| changes renal failure Pntter SBequUEence

Fr,q'ure & Ih:&a.!qg:m! events i fetal ACE mmhibitor exposure and autosomal recessioe
proximal RTD leading to developrent of the sterlar climical phenorype.

Kumar (1997) J Med Genet. July; 34(7): 541-545

Gribouval (2005) Nat Genet.37(9):964-8; Lacoste (2006) Am Soc Nephrol. 17(8):2253-63
Gubler (2010) Kidney Int. Mar;77(5):400-6 ; de Oliveira (2011) PLoS One ;6(6):e20854
Michaud (2011) Hum Mol Genet. Jan 15;20(2):301-11; Gribouval (2012)Hum Mutat. Feb;33(2):316-26
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Summary

e Association between an irreversible renal anomaly
presenting with renal failure in newborn period and a
rare liver condition causing fulminant hepatic failure

* Discussed other associations and proposed
pathogenesis

* Importance of renal biopsy - renal tubular dysgenesis
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* Sanjiv Jain

* Scott Morris
* David Ellwood
* Michael Falk

* Family for
allowing Emily’s story to be shared

2
£y

Australian %
@<=l National . / \
University IAP XXXII International Congress, Amman, Jordan 2018 ACT

PATHOLOGY



THANK YOU



e Bl o i i

N e R “43&4‘. By

Sa L 1 " .




Renal tubular dysgenesis and neonatal
hemochromatosis

e ~<100 cases

e ? Epiphenomenon to an undefined chronic liver
disorder

— impaired synthesis of growth factors such as transferrin
necessary for renal growth and differentiation

— production of toxic metabolites due to a metabolic block in
liver
Bale (1994) Pediatr Pathol, 14: 479-489
Avner (1985) In Vitro Cell Dev Biol 21:297-304
Johal (1998) Pediatr Dev Pathol 1:433-437

Collardeau-Frachon (2012)Pediatr Dev
Pathol. Nov-Dec;15(6):450-70

Koura (2015) Clin Case Rep. Aug;3(8):690-3
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https://www.ncbi.nlm.nih.gov/pubmed/22901025

Renal tubular dysgenesis and Neonatal

nemochromatosis

* ? Renal hypoperfusion secondary to fetal hypotension as a
consequence of hepatocellular necrosis

* ? An undefined common genetic basis between the two
conditions

e fetal liver injury in neonatal hemochromatosis impairs proximal
renal tubular development via impaired hepatic angiotensinogen
(AGT) elaboration- linear relationship was established between
hepatic AGT expression and the degree of renal tubular
dysgenesis. Hepatic synthetic failure resulting in insufficient
production of AGT to support renal tubular development is the
likely mechanism of kidney disease in neonatal hemochromatosis

Bonilla SF, Melin-Aldana H, Whitington PF. Relationship of
proximal renal tubular dysgenesis and fetal liver injury in neonatal
hemochromatosis. Pediatr Res. 2010 Feb;67(2):188-93
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Neonatal hemochromatosis

e A spectrum of disorders

— chronic liver disease of in-utero onset or fulminant
hepatitis in early infancy

— iron deposition in liver and extrahepatic tissues

* Causes
— bacterial and viral infection
— maternal lupus antibodies
— familial conditions - autosomal recessive inheritance

— alloimmune disease - mother’s Ig G directed against a fetal
liver protein involved in iron homeostasis

Murray (2001) Pediatrics 108: 960-964
Kelly (2001) J Med Genet 38:599-610
Australian Whitington (2005) Pediatr Gastroenterol Nutr. 40(5):544-9 %
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Table 3. Disorders Associated with Neonatal Iron Overload.

Disorder Inheritance

MNeonatal hemochromatosis
of uncertain cause!

Uncertain; may be autosomal
recessive or nongenetic
maternal factor2

A%.3.Oxosteroid 55- Autosomal recessive

reductase deficiency4

Maternal Sjogren's MNongenetic maternal factor

syndromes
Trichohepatoenteric Uncertain; may be autosomal
syndrome® recessive

Hemophagocytic lympho-  Autosomal recessive

histiocytosis?
Maternal infection®
GRACILE syndrome®

MNongenetic maternal factor

Autosomal recessive

Symptoms or Signs

Fulminant hepatic failure in newborn; hypoglycemia,
bleeding diathesis, renal failure, nonimmune hydrops
due to decreased serum protein; siderosis in liver,
exocrine pancreas, and heart with macrophage sparing

Controversial; patients with proven mutations in the
5 beta-reductase gene (SRD5B1) have not had neo-
natal hemochromatosis

Congenital lupus syndrome, hepatic insufficiency with
hemochromatosis

Intrauterine growth retardation, trichomalacia, intractable
diarrhea, late-onset neonatal hemochromatosis

Liver failure, elevated serum ferritin, histiocytic infiltration
of multiple organs

Hemochromatotic siderosis, evidence of infection

Intrauterine growth retardation, severe lactic acidosis,
aminoaciduria, siderosis in liver only

* GRACILE denotes growth retardation, aminoaciduria, cholestasis, iron overload, lactic acidosis, and early death.
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http://content.nejm.org/content/vol353/issue2/images/large/13t3.jpeg

Neonatal hemochromatosis

* Hepatocytes in cases stained strongly positively for
C5b-9 complex, suggesting premortem IgG
complement-mediated liver injury

e Successful treatment - administrate high doses of
immunoglobulins

Paupe (2011) Gynecol Obstet Fertil Jul-Aug;39(7-8):418-24
Whitington (2011) J Pediatr. Oct;159(4):612-6
Whitington (2008) Pediatrics. (2008) Jun;121(6):e1615-21
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