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Bulleted statements :

HNF1B mutations are associated with congenital anomalies of the kidney and urinary tract,
pancreatic hypoplasia and genital malformations, but few data about frequency and

microscopic anomalies in fetuses.



Our retrospective study of twenty fetal autopsies, the largest fetal cohort to date, describes all
macroscopic and microscopic abnormalities encountered in this syndrome,_their frequency. It

also discusses genotype/phenotype correlations, and makes a comparison to literature data.

Abstract:

Objective: To describe macroscopic and microscopic anomalies present in fetuses carrying
HNF1B mutation, their frequency, genotype/phenotype correlations.

Methods: Clinical data, ultrasound findings, genetic studies and autopsy reports of 20 fetal
autopsies were analysed. Histology was reviewed by two pathologists.

Results: Macroscopic findings were typically unilateral or bilateral renal enlargement and
cortical cysts. Renal lesions were associated with congenital anomalies of the kidney and
urinary tract (CAKUT) in 25% of cases. Microscopic renal anomalies were dominated by
glomerulocystic kidney and renal dysplasia. Extra-renal manifestations such as pancreatic
hypoplasia (75%) and genital anomalies (68%) were only detected at autopsy. In 40% of
cases, there was heterozygous deletion of the whole gene. There were de novo mutations in
40%.

Conclusion: This study underlines the importance of considering HNF1B mutations in
fetuses with CAKUT, especially when associated with pancreatic hypoplasia. No correlation
between phenotype and genotype was found, highlighting high intra-familial variability in

cases with inherited mutations.



Introduction

Mutations of HNF1B (Hepatocyte Nuclear Factor-1 B gene formerly called TCF2) on
chromosome 17g21.3 are responsible of the Renal Cysts and Diabetes Syndrome (RCAD,
OMIM 137920) characterized by an autosomal dominant inheritance. Mutations of HNF1B
were first described in the maturity onset diabetes of the young type 5 (MODY5), a
monogenic form of diabetes with a primary defect of insulin secretion *. Extra-pancreatic
manifestations involving the kidneys, the liver and the genital tract are frequently observed
because of expression of HNF1B in these organs > 3. The spectrum of renal manifestations is
large and includes renal cysts, glomerular tufts, aberrant nephrogenesis, primitive tubules,
irregular collecting systems, oligomeganephronia, hypoplastic glomerulocystic kidney
disease, renal malformations such as single kidney, enlarged renal pelvises, abnormal calyces,
small kidney, horseshoe kidney, and hyperuricemic nephropathy 2°. The renal anomalies
observed in the RCAD syndrome are part of a spectrum of malformations known as
congenital anomalies of the kidney and urinary tract (CAKUT) ® . HNF1B mutations are
responsible for ~10% of CAKUT cases both in children and in adults’. Affected individuals
may also have anomalies of the genital tract, especially females, including vaginal aplasia,
rudimentary or bicornuate uterus. Epididymal cysts and atresia of the vas deferens have been
described in males®® "®. Indeed, HNF1B plays a crucial role in early development and is
involved Iin organogenesis of several tissues, such as kidney, pancreas, liver and gut, thus
explaining the phenotype '°. The prevalence of HNF1B mutations was 31% in a pediatric
cohort reported by Ulinski et al * including children with anomalies of the kidneys, bilateral
or not, but without diabetes. In terms of prenatal anomalies associated to HNF1B mutations,

Decramer et al *?

reported HNF1B mutations in 29% of _cases with hyperechogenic kidneys
with._or without cysts detected on prenatal ultrasounds. Severe pancreatic hypoplasia,

anomalies of the kidney and the urinary tract and genital malformations have also been



described in fetuses with HNF1B mutations. However few data about the frequency of certain
associations and microscopic anomalies are reported ****®. The aims of our retrospective study
of twenty cases of fetal autopsy with HNF1B mutations were: to describe all macroscopic and
microscopic features of fetuses with HNF1B mutations, to assess their frequency,

genotype/phenotype correlations and to compare to findings in the literature.

Materials and methods

A call for collaboration was launched among the French Society of Fetal Pathology
(SOFFOET, Société Francaise de Fcetopathologie) to collect data on all fetuses with HNF1B
mutations. All parents gave their consent for genetic studies, autopsy and inclusion of the
cases in-this study. For each case, family and fetal data were collected from medical and
autopsy reports and all available slides were reviewed independently by two pathologists.

The following data were retrieved: family history of diabetes and/or renal anomalies, ethnic
origin, consanguinity, antenatal ultrasound findings (kidneys, pancreas and other anomalies),
gestational age at termination of pregnancy or death and circumstances_(Spontaneous
abortion, medical termination of pregnancy, stillbirth), sex, karyotype and fetal B2
microglobulinemia.

Gross anomalies on fetal examination were characterized with specific attention to renal
weight and anomalies (agenesis, hypoplasia, cysts, uni or bilateral, symmetrical pattern or
not), urinary and genital tract (agenesis, hypoplasia, dilatation, duplicity), pancreas (weight,
agenesis, hypoplastic segment: head, body or tail) and liver. Any other macroscopic
anomalies were recorded.

Available slides were stained with Hematoxylin Phloxine Saffron (HPS). Fibrosis was
assessed with Masson’s trichrome staining. The following features on microscopic sections

from the Kkidneys were evaluated: architecture (preserved or not), glomerular count,



persistence of blastema above 35 weeks of gestation (GW), presence of cysts (glomerular or
tubular-type) and their location (cortical or medullary, focal or diffuse), presence of renal
dysplasia (primitive tubules surrounded by concentric rings of collagen with or without
cartilaginous islands or other dysplastic elements), aspect of the interstitium (fibrosis, edema,
inflammation) and aspect of the vessels. For the pancreas, we specially focused on fibrosis
and aspects of the endocrine and the exocrine components (hypoplasia, cysts). The genital
and urinary tracts were carefully examined as well as the gonads. Liver anomalies were also
assessed, especially portal fibrosis and ductal plate anomalies. If any other lesions were
detected they were also described.

Genomic DNA was extracted by standard procedures from frozen tissue (fetuses) and
peripheral blood leukocytes (parents). HNF1B anomalies were screened by 1) looking for
heterozygous gene deletion using MLPA (multiplex ligation-dependent probe amplification)
(SALSA KIT P241) or quantitative multiplex PCR, 2) direct sequencing of the 9 coding

exons.

Results

Twenty autopsies of fetuses carrying HNF1B mutations, performed between 1995 and 2012,
were identified. AIll conceptions were from unrelated parents without history of
consanguinity. Gestationnal age ranged between 16 and 40 weeks (GA) (average 27 GA).
One case was stillborn and 19 underwent termination of pregnancy (TOP). Indications for
TOP were severe oligohydramnios and renal anomalies and/or increased fetal Beta-2
microglobulinemia (cases 1, 2, 4, 6, 7, 11) reflecting a poor renal function. HNF1B mutation
was detected before TOP in two cases because of previous index cases (cases 5 and 10).

The sex ratio was 1.2 (11 males and 9 females).

Prenatal ultrasound anomalies were mainly detected during the second trimester (Figures 1a,



1c). Oligohydramnios occurred in 14 cases out of 20 (70%). Other anomalies were identified
in 18 cases. Renal cysts were present in 15 cases (83%), unilateral renal enlargement in 3
cases and bilateral 9 cases (total of renal enlargement 67%). Hyperechogenic kidneys were
mentioned in 8 cases (44%). No pancreatic or genital and urinary tract anomalies were seen
on prenatal ultrasound. No other significant ultrasound anomalies were noted.

Family medical history was available in 14 cases. Chronic renal failure was noted in 6
families, occurring in one or more relatives. It was associated with diabetes in two relatives.

All results are summarized in Table 1.

Gross anatomical findings:

None had growth restriction. Anomalies suggestive of oligohydramnios_were noted in 18
fetuses (90%), including pulmonary hypoplasia in 4 cases, dysmorphic facies (Potter facies)
in/16 cases, and arthrogryposis in 4 cases. Head circumference was at the 5™ percentile in 3
cases-and at the 95" percentile in 1 case. Brain examination was performed in 15 cases yet
there was no mention of weight, mensuration or maturation anomalies including the 4 cases
with either an increased or a decreased head circumference.

Gross findings of the kidneys were available in 17 cases. Unilateral left renal agenesis was
noted in one case and bilateral hypoplastic kidneys, with a weight below 2SD, in two cases
(Figure le). Twelve cases presented with larger kidneys (70.5%), unilateral in two (figure 1f)
and bilateral in 10 cases (Figure 1h). A multicystic appearance was noted in 14 cases
(82,3%), unilateral in two cases and bilateral in 12 cases. Cysts involved the renal cortex in
all cases, and were described as translucent and of variable sizes. (Figures d,g,h,i).

Anomalies of the urinary tract were were noted in five cases (25%) and consisted in two
cases in unilateral ureteral duplication, in two with unilateral dilated pelvis and two case with

unilateral ureteropelvic junction obstruction with hydronephrosis (Figures 1b, 1e).



Anomalies of the pancreas were seen in 15 cases (75 %), including two agenesis and 13 cases
of hypoplasia: 12 with absence of the caudal portion and one case with an annular appearance
(Figure 1j).

Genital tract anomalies occurred in 4 female fetuses out of 9 (44%) and consisted in a
bicornuate uterus associated with vaginal atresia in one case (Figure 1k). No macroscopic
genital anomalies were reported amongst male fetuses.

No other macroscopic anomalies were recorded.

Microscopic findings:

Microscopic renal anomalies were constant and dominated by glomerulocystic kidneys. All
cases presented with at least 5% of cystic glomeruli, defined as urinary space dilatation
greater than 2 or 3 times the normal size. Absence of cortico-medullar differentiation (loss of
normal architecture) occurred in 65 %. Renal dysplasia, with primitive tubules was present in
13 cases(65%) and contained cartilaginous islets in 12 cases. No persistence of blastema was
observed in cases aged of 35 GW or more. Bilateral renal microscopic anomalies were
observed in all cases, with a symmetrical pattern in 15 cases (85%).

Renal anomalies were divided in 3 groups:

- group 1 (40%) (Figure 2a): glomerulocystic kidney with glomerular cysts only. No
associated anomalies such as pyelocalyceal cavities dilatation or loss of corticomedullary
differentiation were present in this group. Glomerular cysts involved the renal cortex and
were most often of small size. A significant decreased number of nephrons were also
observed in this group

- group 2 (35%) (Figures 2b, 2c): diffuse multicystic dysplasia characterized by large cysts
widespread over the entire parenchyma involving both glomeruli and tubules, loss of

corticomedullary differentiation and renal dysplasia. Some dysplastic tubules were lined by



squamous epithelium. A mild inflammatory fibrous interstitium was interspersed between
dysplastic elements and cysts. Vessels were often enlarged and lined by a thick wall.

- group 3 (25%) (Figure 2d): focal anomalies interspersed with preserved areas of the renal
parenchyma. The abnormal areas were characterized by loss of corticomedullary
differentiation, large glomerular and tubular cysts and renal dysplasia. Small glomerular cysts
were sometimes present in the renal cortex of the preserved areas.

No significant microscopic anomaly was observed on examination of pancreas samples:
neither fibrosis nor cyst or anomalies of the endocrine or the exocrine components.
Microscopic examination of the male genital tract revealed tubular ectasia of the epididymis
in- 9 cases out of 10 available samples (90 %) (Figure 2f).

Lesions suggestive of intrahepatic biliary fibroadenomatosis were observed in one case with a
diffuse pattern (Figure 2e). They were characterized by expanded portal tracts with abnormal
cystic and branched bile ducts at their vicinity. Minor anomalies of the ductal plate were
noted in -3 other cases among the 19 liver available samples.

No microscopic anomalies were noted on examination of the other organs.

Genetic data and HNF1B molecular analysis:

The karyotype, available in 10 cases, was normal. A complete heterozygous gene deletion
was identified in 8 fetuses, and a partial deletion of exons 5-9 was observed in one case.
Heterozygous point mutations were noted in 11 fetuses (6 frameshift, 3 missense and 2
splicing mutations).

Parents were tested in 15 families. The mutations were inherited in 9 cases: 7 from the
mother-and 2 from the father. One of the inherited mutations was linked with a maternal
somatic mosaicism. Four out of the six de novo mutations were complete deletions.

We did not find any relation between the genotype and phenotype.



Discussion

The genetic data from this large cohort of fetuses with HNF1B mutations highlight the
frequency of heterozygous deletions of the entire gene, which was 40% whereas it is more
than two thirds described in the pediatric literature®®*’.

The prevalence of de novo mutations varies from 25 to 59% in the literature * *° and it was
40 % in our study. The majority of maternal inheritance in our series seemed to be by chance,
as it has never been reported in previous studies.

In"the series of Decramer et al.”®, HNF1B anomalies were present in 61% of cases with
antenatal hyperechogenic cystic kidneys and renal cysts. The most frequent anomalies in our
study were also renal cysts (83 % on prenatal ultrasound and 82.3% at autopsy), as well as
enlargement of one or both kidneys (67 % on prenatal ultrasound and 70.5% at autopsy).
However hyperechogenic kidneys were present in only 8 cases (44%), which is comparable
to what was described by Raaijmaker et al .

Congenital anomalies of the kidney and urinary tract (CAKUT) are the most frequent
developmental disorders. Raaijmakers et al’ demonstrated that HNF1B mutations were
responsible for 10% of CAKUT cases’. Indeed, mutations of HNF1B, EYAI, SIX1, SALLI1
and PAX2 are detected in 5-15 % of European children with non-syndromic CAKUT *& %,
Urinary tract anomalies were noted in 25% of our cases. HNF1B mutations must be
systematically searched when facing a CAKUT phenotype.

Extra-renal manifestations including genital anomalies (68%) and pancreatic hypoplasia
(75%) were frequent in our series but were only revealed at autopsy, as previously reported
13_16.

Pancreatic anomalies such as hypoplasia or agenesis, has to be systematically looked for

when cystic or hyperechogenic kidneys or anomalies of urinary tract are detected. Conversly,

such association should prompt testing for HNF1B mutations. Hnflb was shown to be



required for normal pancreas morphogenesis in mice, as a critical regulator of transcriptional
network that controls specification, growth and differentiation of the embryonic pancreas*® %.
Genital tract anomalies were present in 44 % of our female cases highlighting the role of
HNF1B in female genital tract development # . Epididymal ectasia, present in 90 % of our
male cases needs to be explored because of potential subfertility in males carrying HNF1B
mutations.

Ductal plate anomalies were present in 21% of our liver samples, suggesting involvement of
the primary cilium in some cases. Indeed, in the study of Coffinier et al*?, Hnf1b knocked out
mice have ductopenia and bile duct dysplasia. Other studies showed that Hnflb deficiency
was associated with primary cilium anomalies in cholangiocytes and could manifest as a
paucity of intra-hepatic bile ducts leading to cholestatic jaundice in some neonates % 2*24,
As previous studies, we did not find correlations between the phenotype and the genotype.
This underlines high intra-familial variability in cases with inherited mutation, particularly
with respect to severity of renal disease " .

Conclusion

Our retrospective study on twenty fetuses with mutations in HNF1B allowed describing the
prenatal phenotype of RCAD syndrome. Renal anomalies were present in all cases but
variable (from small glomeruli cysts to complete renal architecture distortion with renal
dysplasia), whereas pancreatic hypoplasia or agenesis were present in 75%. All extra-renal
manifestations were systematically identified on autopsy. Associated anomalies of the urinary
tract, defining CAKUT, were present in 25%. Extra-renal manifestations also included genital
tract anomalies (68%) and liver anomalies (21%). HNF1B mutations should be looked for
when _discovering one or more of those anomalies at autopsy. There was no obvious

correlation between the phenotype and genotype, underlining high intra-familial variability in

this syndrome.
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Figures legends:

1k

1j

Figure 1 : prenatal ultrasound findings and macroscopic features.
la:prenatal ultrasound (case number 6) : right dilated pelvis.

1b: cut section of the right kidney after formalin fixation (case number 6) : dilatation of the



renal pelvis and calyces (hydronephrosis).

1c: prenatal ultrasound (case number 6) : hyperechogenic and multicystic left kidney.

1d: cut section of the left kidney after formalin fixation (case number 6) : large cysts
involving the renal cortex.

1e: macroscopic features of the kidneys and the urinary tract at autopsy of case number 2 :
bilateral hypoplastic kidneys (compare to adrenals above) and right dilated pelvis (arrow).

1f: macroscopic features of the kidneys and the urinary tract at autopsy of case number 12 :
right enlarged kidney and left hypoplastic kidney.

1g: macroscopic features of the kidneys and the urinary tract at autopsy of case number 16 :
bilateral multicystic kidneys with large and translucent cysts.

1h: macroscopic features of the kidneys at autopsy of case number 3 : bilateral enlarged
kidneys with small cysts (arrows) in the sub capsular area.

1i: cut section of the kidneys after formalin fixation (case number 3) : bilateral small cysts in
the cortex and the sub capsular area (arrows).

1j: pancreatic hypoplasia with the absence of caudal segment (case number 12) : pancreas
tissue is surrounded by a circle).

1k: bicornuated uterus (arrows) of case number 2.



Figure 2.: microscopic anomalies.

2a: renal anomalies group 1 : glomerulocystic kidney (HPSx100, case number 3).

2b: renal anomalies group 2 : diffuse multicystic dysplasia : renal dysplasia with cartilage
islet (arrow) and primitive tubules (*) surrounded by concentric fibrosis. Some of them are
lined by squamous epithelium (**). Note also glomerular cysts (+) (HPS x 40).

2c: renal anomalies group 2 (case number 19) : other area with dilated tubules (arrows) and
primitive dysplastic tubules (*) (HPSx40).

2d: renal anomalies group 3 : focal renal dysplasia (in the circle) surrounded by a preserved
area of the renal parenchyma (case number 14, HPSx40).

2e: liver anomalies (case number 2) with diffuse liver fibroadenomatosis : enlarged and
fibrous portal tracts (in green color) which contain numerous dilated and connected bile ducts
(Masson trichrome x25).

2f: tubular epididymal ectasia : dilated tubules (arrows) (HPSx200).



Genital

Gestational Macroscopic Group : :
cases Age Sex Family medical HNF.lB Inheritance Prenatal OH renal of microscopic Urinary tract Pancreat!c tract Liver
; Mutations usS i Anomalies hypoplasia anomalies .
GW+Days history findinas sequence anomalies renal anomalies
g anomalies
Diabetes and CRF .
1 28+1 F (grandfather, father), Complete deletion Paternal Bllat(?ral ¢ R 2 - + - focal LBF
OH,CK DF L:H L3
RC (brother)
Bicornuate
40+ 3 RC (paternal €.1206+1G>C OH, HK DF, A, . . . uterus, diffuse
2 (stillborn) F grandfather) IVS5 - Splicing unknown PH Bilateral H R&L 3 R dilated pelvis * vaginal LBF
atresia
RC (father, . Bilateral
3 35 M grandfather) Complete deletion De novo CK, HK E&C R&L 1 + TEE
€.335_342del,
4 27 M Unknown p.Argl12Ginfs*2 De novo CK DF Bilateral R&L 3 - + TEE unknown
Exon 1 - Frameshift E&C
€.8500kel,
- * - -
S - M CRF (brother) p-His284Thrfs 4.3 Maternal CK,HK DF Bilateral C R&L 1 * TEE
Exon 4 - Frameshift
€.840del, L ureteral
6* ¢ 30+4 M Unknown p.Ser281Profs*46 unknown CK, HK DF, CF Bilateral R&L 3 duplication, R Agenesis TEE -
Exon 4 - Frameshift E&C dilated pelvis
R1
7*e 35+5 M No ¢.827-G>A, p.ArgZ?GGIn De novo OH, CK DF Bilateral C L2 L “fete'fa' + TEE -
Exon 4 - Missense L E duplication
Exon 5 to 9 deletion OH, CK DF, CF : R 3 :
* H ) 1 - -
8%e 5 M CRF and RC (father) Partial deletion Pateral PH Bélgegl L2 Agenesis TEE
9 34 F Unknown Complete deletion De novo CK CF no ano_malles R&L 1 - - - -
mentioned
Diabetes(mother) €.9490kel,
10¢ 22+3 F CRF (mother, p.Ala317Profs*10 Maternal OH, CK DF Bilateral R&L 2 - - - -
maternal grandfather) Exon 4 - Frameshift E&C




P472fsinsTGCAGCCC, Bicornuate
11 31 No p.Thrl58Metfs*6 unknown CK, HK - Bilateral R&L 3 - + Uterus -
Exon 7 - Frameshift E&C
OH, CK, L:H R 2 Bicornuate
12 35+2 Unknown Complete deletion De novo HK PH R:E&C - +
L3 uterus
13¢ 21 No Complete deletion unknown OH, CK DF ngeéal R&L 2 - + - focal LBF
€.1206+1G>A OH, HK .
14 23+3 No IVS5 - Splicing unknown DF, CF Bllate(r:al H& R&L 2 - - - -
15 25+2 Unknown Complete deletion Maternal OH DF L aggnesns R2 - + Bicornuate -
R:C L3 uterus
. ¢.517G>C, p.Vall73Leu OH, CK DF, A, Bilateral
16 24+3 CREF (father, no link) Exon 2 - Missense Maternal PH E& C R&L 2 - - - -
17 9943 No €.493C>T, p.A_rglGSCys Maternal OH DF. A no ano.malles R&L 1 Bilateral (_jllated + i
Exon 2 - Missense mentioned pelvis TEE
€.324_340del , - OH, CK, .
18 25 CRF (brother) 0.GIUL09GInfs*2 Maternal HK DF Bilateral R&L 3 R ¥ TEE focal LBF
) mosaicism E&C hydronephrosis annular
Exon 1 - Frameshift
19 22 Unknown Complete deletion unknown OH, CK DF, A Bg(ag:e(r:al R&L 2 - + TEE -
20 16 No Complete deletion De novo OH DF, CF no ano.malles R&L 1 - - unknown -
mentioned

Table 1: phenotype and genotype of HNF1B mutation carriers.

* Cases also reported by Body Bechou et al. ¢ Cases also reported by Madariaga et al.

Abbreviations: RC: renal cysts, CRF: chronic renal failure, DF: dysmorphic facies, A: arthrogryposis, CB: club foot, PH: pulmonary hypoplasia, E: enlargement, H: hypoplastic, C: cysts, TEE: tubular ectasia of the epididymis, LBF: liver
biliary fibroadenomatosis, OH: oligohydramnios, HK: hyperechogenic kidneys, CK: cystic kidneys, R: right, L: left




