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SUMMARY

Adult manifestations of HNF1B deficiency are increasingly recognized, yet a comprehensive assessment
of the phenotype and long-term kidney outcomes in HNF1B nephropathy across childhood and adulthood
remains elusive. This systematic literature review aims to delineate the longitudinal trajectory of kidney
function, kidney — associated complications, and extrarenal manifestations in genetically confirmed
HNF1B nephropathy cases across pediatric and adult populations, offering practical recommendations
for clinicians. Scientific publications were screened in PubMed/Medline database, resulting in 91
included studies with 528 eligible patients. Only full-text clinical case reports and case series with
sufficient patient-level data were included for aggregated analysis. Of the patients, 52% presented with
de novo HNF1B mutations and 48% with inherited mutations, with whole HNF1B gene deletion being
the most prevalent mutation category up to age 50. Furthermore, a tendency for Kkidney function
deterioration was observed, with an average yearly estimated glomerular filtration rate decline of -2.56
ml/min/1.73m2, Linear regression analysis identified older age and higher estimated glomerular filtration
rate at diagnosis as statistically significant predictors of estimated glomerular filtration rate change.
Kaplan-Meier survival curve modeling revealed that by age 29, 10% of patients had reached chronic
kidney disease stage 5, increasing to 40% by age 58, indicating a higher risk of progression to end-stage
kidney disease. Prenatally, hyperechogenic kidneys were most prevalent (62%), while kidney cysts were
more frequent at diagnosis (68%) and last follow-up (73%). Notably, proteinuria incidence (39%)
exceeded hypertension (16%), and hyperuricemia emerged as the most prevalent extrarenal manifestation
(41%), followed by diabetes (39%) and hypomagnesemia (32%). Proteinuria and hypomagnesemia were
most common in the partial HNF1B gene deletion group (P = 0.008 and P = 0.006, respectively), while
hyperuricemia predominated in the splice site mutation group (P =0.002). 163 patients had diabetes, with
a median onset age of 22 years (interquartile range: 19.5 years), spanning from 1 to 65 years, and
occurring in 50% of cases by age 22. Clinicians should suspect HNF1B-associated disease in patients
presenting with hyperechogenic kidneys and kidney cysts, particularly in those with concurrent diabetes,
hyperuricemia or hypomagnesemia, even without a positive family history. These findings underscore
the importance of regular kidney function monitoring and consideration of mutation type in patient

management.

Keywords: HNF1B nephropathy, HNF1B-associated disease, pediatrics, extrarenal manifestations,

long-term kidney outcomes.
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Daznéjant HNF1B geno mutacijy nustatymui suaugusiesiems vis dar triksta iSsamaus HNFI1B
nefropatijos fenotipo ir ilgalaikiy inksty iSei¢iy jvertinimo vaikystéje ir suaugusiyjy amziuje. Sios
sisteminés literatliros apzvalgos tikslas - nustatyti ilgalaikes inksty funkcijos, inksty ir ekstrarenaliniy
ligos manifestacijy tendencijas genetiskai patvirtinta HNF1B nefropatija serganciy vaiky ir suaugusiyjy
populiacijose ir pateikti praktiniy rekomendacijy gydytojams. Naudojantis PubMed/Medline duomeny
baze | $ig apzvalga jtrauktas 91 tyrimas ir atrinkti 528 pacientai. Apibendrintai analizei buvo vertinami
tik viso teksto prieigos klinikiniy atvejy aprasymai ir atvejy serijos su pakankamu pacienty duomeny
kiekiu. IS viso 52 % pacienty buvo nustatytos de novo HNF1B mutacijos, o 48 % - paveldétos mutacijos,
ir iki 50 mety amziaus labiausiai paplitusi HNF1B geno mutacijy kategorija buvo viso geno delecija. Be
to, buvo pastebéta HNFIB nefropatija serganciy pacienty inksty funkcijos blogejimo tendencija:
vidutinis metinis apskaic¢iuotas glomeruly filtracijos grei€io sumaZzéjimas buvo -2,56 ml/min/1,73m?.
Atlikus tiesing regresin¢ analize nustatyta, kad vyresnis amZius ir didesnis glomeruly filtracijos grei¢io
rodmuo diagnozés nustatymo metu yra statistiSkai reikSmingi glomeruly filtracijos greiio pokycius
prognozuojantys veiksniai. Kaplano-Meierio i§gyvenamumo kreivés duomenimis 10% pacienty iki 29
mety pasieké 5 1étinés inksty ligos stadija, o 58 mety amZziuje Sis skai¢ius padidéejo iki 40 %, atspindint
didesne rizika HNFIB nefropatija sergantiems pacientams pereiti ] galuting inksty funkcijos
nepakankamumo stadija. Prenataliniu laikotarpiu labiausiai paplitgs inksty ultragarsinio tyrimo pakitimas
buvo hiperechogeniniai inkstai (62 %), o inksty cistos stebétos dazniau diagnozés nustatymo metu (68
%) ir paskutinio stebéjimo metu (73 %). Pastebétina, kad tiriamojoje kohortoje proteinurijos daznis (39
%) virsijo hipertenzijos paplitimo daznj (16 %), o hiperurikemija buvo labiausiai paplitusi ekstrarenaliné
manifestacija (41 %), po jos sekant diabetui (39 %) ir hipomagnezemijai (32 %). Proteinurija ir
hipomagnezemija buvo labiausiai paplitusios dalinés HNF1B geno delecijos grupéje (atitinkamai P =
0.008 ir P = 0.006), o hiperurikemija vyravo HNF1B geno splaisingo vietos mutacijos grupéje (P =
0.002). IS viso diabetu sirgo 163 pacientai, kuriy amziaus mediana buvo 22 metai (interkvartilinis
intervalas - 19,5 mety), apimant diabeto pradzios amziaus spektrg nuo 1 iki 65 mety. 50 % atvejy diabetas
pasireiské pacientams iki 22 mety amziaus. Sios apzvalgos duomenimis, gydytojai turéty jtarti su HNF1B
asocijuotg liga pacientams, kuriems stebimi hiperechogeniniai inkstai ar inksty cistos, ypa¢ kartu su
diabeto, hiperurikemijos ar hipomagnezemijos pasireiSkimu, net ir neturint teigiamos Seimos anamnezes.
Sios sisteminés apzvalgos rezultatai pabrézia reguliarios inksty funkcijos stebésenos ir atsizvelgimo j

HNF1B mutacijos tipg gydant pacientus svarba.

Raktiniai Zodziai: HNFIB nefropatija, HNFIB asocijuota liga, pediatrija, ekstrarenalinés

manifestacijos, ilgalaikés inksty iSeitys.



INTRODUCTION

The hepatocyte nuclear factor-1 beta (HNF1B) gene, situated on chromosome 17q12, encodes the HNF-
1R protein, a member of the hepatocyte nuclear factor family of transcription factors. These factors play
pivotal roles in tissue-specific gene regulation across various organs, including the kidneys, liver, biliary
ducts, intestine, lungs, pancreas, and the urogenital tract (1,2,3,4). During embryogenesis, HNF1B
influences organogenesis, such as ureteric bud branching during nephrogenesis, leading to cystic disease
in HNF1B-associated pathologies (5,6). Additionally, HNF1B regulates gene expression involved in cell
cycle regulation and apoptosis, implicating its relevance in neoplastic conditions. Dysregulation of
HNF1B is evident in various cancers, including hepatocellular, kidney, colorectal, endometrial, prostate,

and ovarian cancers (3,7).

HNF1B mutations, comprising around half of cases, frequently manifest as heterozygous whole-gene
deletions within the 17912 chromosomal microdeletion context, encompassing 14 other genes across at
least 1.4 Mb (4,6). In the remaining cases, heterozygous intragenic point mutations predominate (3,4).
Over 230 HNF1B allelic variants associated with disease have been reported, and these variants often
cluster in the first 4 exons of the gene, with hotspots observed in exons 2 and 4, as well as the intron 2
splice site (6). Notably, de novo mutations contribute to up to 50% of cases, complicating familial
identification (4,6).

Heterozygous HNF1B mutations characterize HNF1B-associated disease, a dominantly inherited clinical
entity with a variable multisystem phenotype (1,3,5,8). Extrarenal manifestations include early-onset
diabetes mellitus (maturity-onset diabetes of the young type 5), genital tract malformations, abnormal
liver function test results, pancreatic hypoplasia, and electrolyte abnormalities, such as hypomagnesemia
and hyperuricemia (5). However, neurological and psychiatric manifestations, such as mild cognitive
impairment, autism, schizophrenia, and structural brain alterations, often coincide with 17q12

microdeletion rather than HNF1B mutations directly (5,6).

Kidney involvement emerges as the earliest and most prevalent feature of HNF1B-associated disease,
spanning from tubular transport abnormalities to structural malformations like duplex or horseshoe
kidneys (3). Prenatally, the presentation frequently comprises bilateral hyperechogenic kidneys with or
without cortical cysts, while bilateral kidney hypodysplasia with few or multiple cysts is more prevalent

in early childhood (3). Notably, HNF1B nephropathy may present clinically only in adulthood (3). The



long-term kidney prognosis varies, with up to 40% of patients progressing to kidney impairment,
underscoring the importance of longitudinal monitoring (4,9).

Challenges in diagnosing HNF1B-associated disease persist due to phenotypic variation complexity,
frequent de novo mutations, intrafamilial variability, and phenocopies within families (3). The absence
of clear genotype-phenotype correlations underscores the multifaceted nature of HNF1B-associated
disease, likely stemming from haploinsufficiency (4,6). Additionally, while pediatric populations have
received more attention, increasing recognition of adult-onset manifestations necessitates a nuanced

understanding of the phenotype and long-term kidney outcomes, which remains lacking (3,6).

This systematic literature review aims to delineate the longitudinal kidney function trajectory, kidney —
associated complications, and extrarenal manifestations of genetically confirmed HNF1B nephropathy

in both pediatric and adult populations, offering practical recommendations for clinicians.

The main objectives of this review are:

1. To analyze the prevalence of four HNF1B mutation types (whole HNF1B gene deletions, partial
HNF1B gene deletions, HNF1B missense mutations, and HNF1B splice site mutations) across

different age groups and mutation inheritance patterns in HNF1B nephropathy patients;

2. To investigate long-term kidney function outcomes and possible associations between kidney

function and specific HNF1B mutation types;

3. To analyze the kidney ultrasound features observed in HNF1B nephropathy patients prenatally,

at the time of diagnosis and at last follow-up;

4. To examine the frequency and genotype — phenotype correlations of Kidney - associated

complications (such as hypertension and proteinuria);

5. To assess the prevalence and genotype — phenotype correlations of extrarenal manifestations

(including diabetes, hyperuricemia, and hypomagnesemia).

METHODOLOGY



The systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (10).

Inclusion criteria:
1. Scientific articles with full-text availability.
2. Studies involving human participants.
3. Clinical case reports and case series with patient-level data provided.
4. Studies analyzing both children and adults with genetically confirmed HNF1B nephropathy.
5. Studies examining kidney and extrarenal manifestations of HNF1B nephropathy in children
and/or adults.
6. Studies investigating long-term kidney outcomes of HNF1B nephropathy in children and/or

adults.

Exclusion criteria:

1. Articles without full-text access.

2. Invitro, cell, and animal studies.

3. Articles categorized as experimental research, expert consensus, letters to the editor, editorials,
conference abstracts, cross-sectional studies, case-control studies, cohort studies, randomized

controlled trials, qualitative studies, meta-analyses, and systematic reviews.

The PubMed online database was utilized for the literature search, conducted between April 23, 2022,
and October 21, 2023. The keyword combination employed was: ("Hepatocyte Nuclear Factor 1-
beta"[Mesh] OR "HNF1B protein, human" [Supplementary Concept] OR "HNF1beta" OR "HNF-1-beta"
OR "HNFI1 beta A" OR "HNF-1B" OR "HNF1B" OR "Hepatocyte Nuclear Factor" OR "VHNF1" OR
"MODY5" OR "LFB3" OR "TCF2" OR "TCF-2" OR "Homeoprotein LFB3" OR "HNF2" OR "Variant
Hepatic Nuclear Factor" OR "Transcription Factor 2, Hepatic" OR "Transcription Factor 2" OR "RCAD"
OR "Kidney cysts and diabetes syndrome" OR "17q12 deletion") AND ("Kidney"[Mesh] OR kidney OR
kidney).

No active search filters were applied during the literature search in the PubMed database. The selection
ofarticles was performed by a single independent researcher following the established protocol, selection
criteria, and keyword combination. After the initial PubMed search, 1020 articles were identified.

Duplicate articles were removed using Ryann, an intelligent systematic review application. Titles and
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abstracts were screened for compliance with the inclusion criteria, and the full text of selected articles
was thoroughly assessed for suitability. A flowchart illustrating all stages of the articles selection process

and their outcomes is provided in Figure 1.

All enrolled studies met the following criteria:

1. Confirmation of HNF1B diagnosis through genetic testing.
2. Provision of patient-level data on kidney and extrarenal manifestations or long-term kidney
outcomes.

3. Auvailability of full-text access.

Data extracted from the articles was tabulated and analyzed based on the following clinical, genetic, and
laboratory variables:

Inheritance pattern of HNF1B mutations.

Characteristics of HNF1B mutations.

Family history.

Prenatal kidney ultrasound findings.

Age at diagnosis and last follow-up.

Estimated glomerular filtration rate (eGFR) at diagnosis and last follow-up.
Chronic kidney disease (CKD) stage at diagnosis and last follow-up.

Hypertension status at diagnosis and last follow-up.
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Proteinuria status at diagnosis and last follow-up.
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o

. Diabetes status at diagnosis and last follow-up.

[EEN
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. Hyperuricemia status at diagnosis and last follow-up.
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. Hypomagnesemia status at diagnosis and last follow-up.

[HEN
w

. Kidney ultrasound (US) findings at diagnosis and last follow-up.

[EEN
SN

. Fatal outcomes.

The analysis of HNF1B mutation characteristics involved classifying mutations into four main groups:
whole HNF1B gene deletions (n = 155), partial HNF1B gene deletions (n = 93), HNF1B missense
mutations (n = 66), and HNF1B splice site mutations (n = 20). Additionally, 17q12 chromosome
microdeletions (n=26) were classified as whole HNF1B gene deletions, and HNF1B nonsense mutations

(n=10) were categorized as partial HNF1B gene deletions.



Estimated GFR was calculated for 67 patients using the MDRD formula, this also included 63 children
in whom Schwartz equation could not be used because height was not provided. For the remaining 183
patients eGFR value was provided (by utilizing either MDRD or CKD-EPI calculation). In total, eGFR
at the time of HNF1B nephropathy diagnosis was available for 250 patients.

The demographic, clinical, and genetic characteristics of the patients were analyzed using descriptive
statistics. Data were presented as medians (95% confidence interval, Cl) for continuous variables and as
counts (percentages) for categorical variables. Before proceeding to the analysis of differences, Shapiro—
Wilk normality tests were performed for continuous variables revealing non-normal distributions.
Proportions were compared using either the chi-square test of independence or Fisher’s exact test. For
non-normally distributed continuous variables, the Kruskal-Wallis test was employed for group
comparisons, and the Mann-Whitney U test was used for pairwise comparisons. Post-hoc group
comparisons were adjusted using the Bonferroni correction. Correlations between variables were
assessed by Spearman rank order correlation. Linear regression models were employed for further
examination of the relationships between variables. To illustrate the probability of not developing stages
3,4, and 5 CKD at specific follow-up ages for patients with HNF1B nephropathy, Kaplan-Meier survival
curve models were adapted. All statistical tests were two-sided, with statistical significance set at P <
0.05. Statistical analyses and graphical representations were conducted using R Statistical Analysis

software, version 4.3.3.
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Figure 1. PRISMA Article Selection Strategy Flowchart.
RESULTS
Demographic and Clinical Characteristics

A total of 528 eligible patients from 91 studies were included in this review. A summary of the main

demographic, clinical, and genetic data is provided in Table No. 1.

Table No. 1. Summary of Demographic, Clinical, and Genetic Data for HNF1B Nephropathy Patients.



All patients (n = 528) Partial HNF1B Whole HNF1B HNF1B missense HNF1B splice site
deletion (n = 103) deletion (n = 181) mutation (n = 85) mutation (n = 30)

Age at diagnosis (y) (median, min-max, IQR) 11 (0-78), 27 18 (0-67), 23 6 (0-72), 17 12 (0-65), 28 16.5, (0-65), 27
Sex (M/F) (n, %) 224 (54%) / 189 (46%) | 41 (45%) /51 (55%) 64 (59%) /45 (41%) | 37 (54%) /32 (46%) | 15 (62%)/9 (38%)
Mutation known (n, %) 510 103 (20%) 181 (35%) 85 (17%) 30 (6%)
CKD stage at diagnosis (n, %): 413: 97: 121: 65: 26:
CKD 1 149 (36%); 21 (22%); 56 (46%); 18 (28%); 9 (35%);
CKD 2 86 (21%); 20 (21%); 25 (21%); 9 (14%); 7 (27%);
CKD 3 116 (28%); 34 (35%); 29 (24%); 22 (34%); 4 (15%);
CKD 4 31 (7%); 10 (10%); 6 (5%); 9 (14%); 3 (11%);
CKD 5 31 (7%). 12 (12%). 5 (4%). 7 (11%). 3 (11%).
eGFR at diagnosis (n, %, median): 250, 58: 75, 54: 72, 65: 40, 49: 15,61:
>90 59 (24%), 107; 13 (17%), 130; 20 (28%), 98; 5(12%), 114; 4 (27%), 138;
60-89 60 (24%), 69; 16 (21%), 69; 21 (29%), 70; 8 (20%), 67, 4 (27%), 68;
30-59 100 (40%), 45; 32 (43%), 47, 25 (35%), 44; 21 (52%), 43, 3 (20%), 44;
15-29 24 (10%), 23; 10 (13%), 24; 5 (7%), 23; 6 (15%), 17; 3 (20%), 25;
<15 7 (3%), 11. 4 (5%), 13. 1 (1%), 9. 0 (0%, 0. 1 (7%), 14.
Patients with follow-up data (n, %) 156 38 (24%) 45 (29%) 25 (16%) 6 (4%)
Follow-up duration (y) (median, min-max, IQR) 3.5(0.5-33), 7 6.5(0.1-33), 7 3.4(0.1-28),7 3(0.5-15),7 3(1-8),6
CKD stage at last follow-up (n, %): 153: 41: 40: 29: 5:
CKD 1 47 (31%); 9 (22%); 19 (47%); 4 (14%); 2 (40%);
CKD 2 28 (18%); 8 (19%); 8 (20%); 6 (21%); 0 (0%);
CKD 3 46 (30%); 11 (27%); 9 (22%); 14 (48%); 2 (40%);
CKD 4 14 (9%); 4 (10%); 2 (5%); 1 (3%); 1 (20%);
CKD 5 18 (12%). 9 (22%). 2 (5%). 4 (14%). 0 (0%).
eGFR at last follow-up (n, %, median): 139, 60: 40, 44: 36, 73: 24, 49: 5, 60:
>90 45 (32%), 95; 9 (22%), 118; 16 (44%), 102; 4 (17%), 93; 2 (40%), 91,
60-89 26 (19%), 69; 8 (20%), 69; 8 (22%), 69; 5(21%), 68; 0 (0%, 0;
30-59 43 (31%), 45; 11 (27%), 44; 8 (22%), 48; 13 (54%), 40; 2 (40%), 53,
15-29 13 (9%), 23; 4 (10%), 22; 2 (6%), 23; 1 (4%), 23; 1 (20%), 23;
<15 12 (9%), 10. 8 (20%), 11. 2 (6%), 6. 1 (4%), 9. 0 (0%, 0.
Diabetes at diagnosis (n, %) 128 41 (32%) 40 (31%) 25 (19%) 2 (2%)
Hypomagnesemia at diagnosis (n, %) 86 17 (20%) 25 (29%) 5 (6%) 4 (5%)
Hyperuricemia at diagnosis (n, %) 92 22 (24%) 18 (19%) 13 (14%) 12 (13%)
Hypertension at diagnosis (n, %) 17 7 (41%) 3 (18%) 6 (35%) 0 (0%)
Proteinuria at diagnosis (n, %) 45 24 (53%) 4 (9%) 13 (29%) 0 (0%)

Age at the time of HNF1B nephropathy diagnosis was available for 426 patients, with 157 being adults.

The median age at diagnosis was 11 years (Interquartile range (IQR): 27 years), ranging from neonates

to 78 years old. For patients with available follow-up data (n=156), the median follow-up duration was

3.5 years (IQR: 7 years), ranging from 0.5 to 33 years. Among the 156 patients with available follow-up

data, 84 were adults at their last follow-up. The median age of this cohort at the last follow-up was 20

years (IQR: 31 years), with ages ranging from neonates to 77 years old.

In the analyzed cohort, nine patients experienced fatal outcomes, with six deaths attributed to Kidney

disease. The main demographic, genetic, and clinical characteristics of these patients are summarized in

Annex No. 1.

The cumulative incidence of all 426 HNF1B nephropathy diagnosis cases with known age of onset is

depicted in Figure 2. The graph illustrates an initial rapid increase in new HNF1B nephropathy cases,




followed by a gradual decline. According to the diagram, 50% of HNF1B nephropathy cases are
diagnosed by age 11, and 75% by age 29.
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Figure 2. Cumulative Incidence Plot of HNF1B Nephropathy.

Among the 111 patients with family history data, the majority had a family history of kidney disease (n
=46, 41.4%)), followed by diabetes (n = 35, 31.53%), and both diseases (n = 28, 25.2%).

Genetic Analysis

Among the 159 patients with reported HNF1B inheritance types, de novo mutations were more common

(n = 83, 52%) than paternally or maternally inherited mutations (n = 76, 48%) (Figure 3).
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Figure 3. Distribution of HNF1B Mutation Inheritance Types Among Patients.

Of'the 510 patients with reported HNF1B mutation type data, 399 were analyzed according to four main
mutation categories: 1) whole HNF1B gene deletion (w_deletion, n =181, 45%); 2) partial HNF1B gene
deletion (p_deletion, n = 103, 26%); 3) HNF1B missense mutation (missense, n = 85, 21%); and 4)
HNFI1B splice site mutation (splice, n = 30, 7.5%). The cumulative incidence of HNF1B nephropathy
mutation types is illustrated in Figure 4. Whole HNF1B gene deletion was the most prevalent category
across all age groups up to 50 years old. Notably, until approximately 33 years old, the prevalence of
whole HNF1B deletions was particularly higher than partial HNF1B deletions, with a ratio of 2.3:1 at 10
years of age, 1.6:1 at 20 years of age and 1.2:1 at 30 years of age. Subsequently, after 33 years of age,
the disparity between whole HNF1B deletions and missense / splice site HNF1B mutations became more
prominent. Therefore, the prevalence of different ages at the time of HNF1B nephropathy diagnosis
varied depending on the specific type of HNF1B mutation.

11



075

= w_deletion
= p_deletion

0.5 ]
missense

= splice

Cumulative incidence

0.25

0 20 40 60
Age at diagnosis

Figure 4. Cumulative Incidence of HNF1B Nephropathy Mutation Categories.

To delineate the age at HNF1B nephropathy diagnosis distribution among different mutation types, violin
plots were constructed (Figure 5). Analysis of 399 patients with available data on HNF1B mutation type
and age at diagnosis revealed distinct distributions. Notably, the kernel density plot for whole HNF1B
gene deletion exhibited the widest base, suggesting a higher probability of diagnosis at a younger age,
with a median onset at 6 years. Conversely, patients with HNF1B missense and splice site mutations
tended to be diagnosed at older ages, with median onset at 12 and 11 years, respectively. The density
curve for HNF1B partial deletions showed a more uniform distribution, with the highest median age at
diagnosis observed at 18 years. Statistical analysis using the Kruskal-Wallis test revealed significant
variability in age at diagnosis across all mutation types (P<0.001). Subsequent pairwise comparisons,
employing the Mann — Whitney U test with Bonferroni correction, unveiled non-significant differences
(P_Bonferroni adjusted > 0.05) in age at diagnosis between partial HNF1B gene deletion and both
missense mutation, as well as splice site mutation groups. However, a significant distinction
(P_Bonferroni adjusted = 0.001) was observed between age at diagnosis in individuals with whole

HNF1B gene deletion and those with missense mutations.
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Figure 5. Violin Plots Illustrating Age at Diagnosis of HNF1B Nephropathy Across Various HNFI1B
Mutation Types.

Kidney Function Analysis

Among the cohort of 237 patients diagnosed with HNF1B nephropathy, eGFR data at the time of
diagnosis was available for analysis. For 67 individuals within this subset, eGFR was computed using
the MDRD formula. For the remaining patients, eGFR values were provided, determined through either
MDRD or CKD-EPI calculation methods. Figure 6 illustrates the results of correlation analysis,
indicating a statistically significant relationship between eGFR and age at diagnosis (P < 0.001). The
analysis reveals a weak negative linear correlation (Spearman’s rank correlation coefficient = - 0.26),

suggesting that older age at diagnosis is associated with lower eGFR levels.
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Figure 6. Age-eGFR Scatter Plot at HNF1B Nephropathy Diagnosis.

A linear regression analysis was conducted, revealing that for each one-year increase in age at diagnosis,
the eGFR decreased by approximately 1.169 ml/min/1.73m? and this decrease was statistically
significant (P = 0.02). However, it is important to note that the R-squared value of 0.35 indicates that
approximately 35% of the variance in eGFR can be explained by age, suggesting that other variables

may also play a significant role in determining eGFR levels.

Changes in kidney function, as inferred from variations in eGFR during the progression of HNF1B
nephropathy, were assessed utilizing data from 57 patients. Among this cohort, eGFR calculations were
performed using the MDRD formula for 20 patients. For the remaining patients, whose eGFR had already
been determined, the CKD-EPI formula was employed. The relationship between eGFR and the duration
of follow-up was found not to be statistically significant (P = 0.07), with a weak negative linear
correlation observed (Spearman’s rank correlation coefficient = - 0.24), though weaker than the

correlation between age and eGFR at diagnosis (Figure 7).
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Figure 7. eGFR Change Over Time from HNF1B Nephropathy Diagnosis to Last Follow-up.

A spaghetti plot was utilized to examine eGFR changes during the follow-up period (Figure 8), revealing
a weak negative linear trend of declining eGFR during HNF1B nephropathy follow-up period. The
relationship between eGFR change during the follow-up period and follow-up duration was statistically
significant (P = 0.01), with an average yearly eGFR decline during follow-up across all individuals of -
2.56 ml/min/1.73m? per year.
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Figure 8. eGFR Change Trajectory During HNF1B Nephropathy Follow-up Period.
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Estimated GFR at the time of last follow-up was reported for 121 patients. Among this cohort, eGFR
calculations were performed using the MDRD formula for 23 patients. For the remaining patients, whose
eGFR had already been determined, the CKD-EPI formula was employed. A statistically significant
relationship was found between eGFR and age at HNF1B nephropathy last follow-up (P < 0.001), with
a strong negative linear correlation (Spearman’s rank correlation coefficient = - 0.53), suggesting that

worse kidney function was observed in older patients (Figure 9).

Spearman's rho = -0.53
p-value = 2.68757e-10
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Figure 9. Age-eGFR Scatter Plot at HNF1B Nephropathy Last Follow-up.

After employing a linear regression model to assess the impact of age at HNF1B nephropathy diagnosis,
eGFR at diagnosis, and follow-up duration on eGFR change during follow-up, with a cohort of 61
patients, it was revealed that these three predictors collectively explain approximately 52% of eGFR
change variations (adjusted R-squared: 0.52) (Table No. 2). Notably, older age at diagnosis and higher
eGFR at diagnosis emerged as more statistically significant predictors for eGFR change than follow-up

duration, with highly significant results (P < 0.001).

Table No. 2. Linear Regression Model for eGFR Change During HNF1B Nephropathy Follow-up.

Explanatory variable ~ Estimate P-value
Age at diagnosis -0.73 <0.001
eGFR at diagnosis -0.50 <0.001
Follow-up duration -1.27 0.001
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Figure 10 illustrates the distribution of CKD stages among 273 patients at the time of HNF1B
nephropathy diagnosis. Patients were categorized into three age groups: 0-20 years (n=171), 20-40 years
(n = 59), and >40 years (n = 43). Notably, across all age categories, the majority of patients presented
with CKD stages 2-3 (n = 78, 45%; n = 37, 63%; n = 28, 65%, respectively). Conversely, as the age
groups advanced, there was a decline in the prevalence of CKD stage 1 patients (n = 74, 43%; n = 10,
17%; n =3, 7%), coupled with a corresponding rise in the frequency of CKD stage 4-5 patients (n = 19,
11%; n =12, 20%; n = 12, 28%). Statistical analysis revealed a highly significant association between
age intervals and CKD stages (P < 0.001). Additionally, among the 22 patients who progressed to end-
stage kidney disease (ESKD) (eGFR <15) at the time of HNF1B nephropathy diagnosis, the median age
was 29 years (IQR: 36,5 years), ranging from 0.1 to 66 years.

Fisher's exact test p-value = 4 997501e-04
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Figure 10. Distribution of CKD Stages at HNF1B Nephropathy Diagnosis Among Different Age Groups.

In Figure 11, pie charts illustrate the distribution of CKD stages at the last follow-up among 127 patients
classified into three age groups: 0-20 years (n = 62), 20-40 years (n = 39), and >40 years (n = 26). Of
these patients, 66 had a single CKD stage recorded solely at the last follow-up, while 61 had data for
both the diagnosis and follow-up CKD stages. Among the latter group, the median follow-up duration
was 3 years (IQR: 7.7 years), spanning from 0.2 to 33 years. The majority of patients in the 20-40 and
>40 years age categories predominantly exhibited CKD stages 2-3 (n = 20, 51%; n = 15, 58%).
Conversely, within the 0-20 years age category, the majority presented with CKD stage 1 (n =33, 53%).

Furthermore, in the age groups of 20-40 and >40 years, a similar proportion of patients displayed CKD
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stages 4-5 (n = 15, 39%; n = 10, 38%, respectively). A statistically significant association between age
intervals and CKD stages was observed (P < 0.001). Additionally, among the 16 patients who progressed
to ESKD (eGFR <15) at the last follow-up, the median age was 32 years (IQR: 25.5 years), ranging from
10 to 58 years.

Fisher's exact test p-value = 4.997501e-04
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Figure 11. Distribution of CKD Stages at HNF1B Nephropathy Last Follow-up Among Different Age
Groups.

Figure 12 illustrates the distribution of CKD stages according to the HNF1B mutation type at the last
follow-up for a cohort of 115 patients. The differences between groups showed borderline statistical
significance (P = 0.048), with highest CKD stages in patients with partial deletions (CKD stages 4-5, n
=13, 31.7%) and lowest in patients with whole gene deletions (CKD stage 1, n= 19, 47.5%). CKD stages
3-5 were less frequent in patients with HNF1B partial and whole gene deletions (n = 24, 58%; n = 13,
32.5%, respectively) than in patients with HNF1B mutations (missense: n = 19, 65.5%; splice site: n =
3, 60%, respectively).
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Figure 12. CKD Stages by HNF1B Mutation Types at Last Follow-up.

To explore long-term kidney outcomes during HNF1B nephropathy, the probability of not developing
CKD stages 3, 4, and 5 during the follow-up period in 127 patients was analyzed using Kaplan-Meier
survival curve (Figure 13). The analysis showed that at the age of 22 years, 25% of patients already had
CKD stages 3 or higher that increased to 50% at the age of 38 years and 75% at the age of 53.

1.00

0.75

0.50 95% CI

0.25

Probability of not developing CKD stages 3, 4, and 5

0.00

0 20 40 60 80
Age at last follow-up

Figure 13. Probability of Avoiding Advanced CKD Stages During HNF1B Nephropathy Follow-up.
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To further explore long-term kidney outcomes during HNF1B nephropathy, the probability of not
developing CKD stage 5 during the follow-up period in 127 patients was analyzed using Kaplan-Meier
survival curve (Figure 14). The analysis showed that at the age of 29 years, 10% of patients already had
CKD stage 5 that increased to 25% at the age of 47 years and 40% at 58. In conclusion, there is a clear
inverse relationship between age and the probability of not developing ESKD, indicating that patients
diagnosed with HNF1B nephropathy over an extended period are at an increased risk of progressing to
ESKD.
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Figure 14. Probability of Avoiding CKD Stage 5 During HNF1B Nephropathy Follow-up.
Kidney Morphology and Kidney — Associated Complications Analysis

Prenatal kidney US data were available for 130 subjects. Hyperechogenic kidneys were the most
prevalent finding, observed in 62.3% of cases, followed by kidney cysts (19.23%), cystic and multicystic
kidneys (10%), and multicystic dysplastic kidneys (7.7%). Less common findings included hypoplastic
kidneys and dysplastic kidneys.

Moving forward to the time of HNF1B nephropathy diagnosis, kidney US imaging data were reported

for 438 patients. Kidney cysts emerged as the most prevalent finding, affecting 68% of patients, followed
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by hyperechogenic kidneys (27.6%), dysplastic kidneys (18.5%), and multicystic dysplastic kidneys
(11.2%). Less frequent observations included hydronephrosis and nephrocalcinosis.

At the last follow-up, kidney US imaging data were available for 63 patients, with kidney cysts remaining
the predominant finding (73%). This was consistent with observations at the time of HNF1B nephropathy
diagnosis. Additional findings included hypoplastic kidneys (15.9%), hyperechogenic kidneys (12.7%),
and less frequently observed conditions such as nephrocalcinosis and multicystic dysplastic kidneys.

The prevalence of two kidney-associated complications, hypertension, and proteinuria, was assessed in
patients with HNF1B nephropathy during their last evaluation (Figure 15). Data regarding hypertension
status were available for 119 patients, while information on proteinuria was accessible for 150 patients.
The graph illustrates that the majority of HNF1B nephropathy patients did not exhibit hypertension (n =
100, 84%) or proteinuria (n =91, 61%) at last evaluation. Notably, the prevalence of proteinuria (n = 59,
39%) exceeded that of hypertension (n = 19, 16%).

61%
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Unaffected
Affected

39%
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Hypertension prevalence (n = 119) Proteinuria prevalence (n = 150)

Figure 15. Prevalence of Kidney - Associated Complications at Last Evaluation in HNF1B Nephropathy

Patients.

The assessment of hypertension status prevalence across mutation types included 90 patients with
available data at last evaluation (Figure 16). Although variations were noted, no statistically significant
relationship was found (P = 0.49). Hypertension was most frequently observed in the whole HNF1B gene

deletion group (n = 6, 27%), while absent in the HNF1B missense mutation group.
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Figure 16. Hypertension Prevalence by HNF1B Mutation Types at Last Evaluation in HNF1B
Nephropathy Patients.

The analysis of proteinuria status prevalence according to mutation type involved 99 patients with
available data at last evaluation (Figure 17). Significant differences were observed (P = 0.008) with the
lowest proteinuria frequency in the whole gene deletion group (n = 4, 19%). Patients with splice site
mutations were excluded from analysis due to the very small number of patients with proteinuria status

data available.
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Figure 17. Proteinuria Prevalence by HNF1B Mutation Types at Last Evaluation in HNF1B
Nephropathy Patients.

Extrarenal Manifestations Analysis

Data regarding diabetes status at last evaluation were available for 422 patients, while information on
hypomagnesemia and hyperuricemia status was accessible for 318 and 322 patients, respectively.
Analysis of the data revealed that the majority of HNF1B nephropathy patients did not exhibit diabetes
(n=259, 61%), hypomagnesemia (n =217, 68%), or hyperuricemia (n = 189, 59%) at their last evaluation
(Figure 18). Hyperuricemia emerged as the most prevalent extrarenal manifestation (n = 133, 41%),
followed by diabetes (n = 163, 39%) and hypomagnesemia (n = 101, 32%).

61% 59%
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32%
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(n=422) (n=318) (n=322)

Figure 18. Prevalence of Extrarenal Manifestations at Last Evaluation in HNF1B Nephropathy Patients.

Figure 19 presents an analysis of diabetes prevalence across different HNF1B mutation types. The study
encompassed data from 336 patients with known diabetes status at their last evaluation, along with
information regarding HNF1B mutation types. The analysis did not reveal significant differences in the

prevalence of diabetes according to mutation type (P = 0.088).
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Figure 19. Diabetes Prevalence by HNF1B Mutation Types at Last Evaluation in HNF1B Nephropathy

Patients.

The analysis of hyperuricemia prevalence according to mutation type involved 252 patients with
available data at last evaluation (Figure 20). Significant differences (P = 0.002) were observed with the

highest hyperuricemia frequency in the splice site mutation group (n = 14, 52%).

A-squared = 1.452094e+01 | p-value = 1.976243e-03

. 48%
76% 75%
Hyperuricemia Status
Unaffected
Affected
47% 2
24% 25%%
missense p_deletion splice w_deletion
{n = 55) {n = 55) (n=27) (n=115)

24



Figure 20. Hyperuricemia Prevalence by HNF1B Mutation Types at Last Evaluation in HNF1B
Nephropathy Patients.

The analysis of hypomagnesemia prevalence according to mutation type involved 220 patients with
available data at last evaluation (Figure 21). Significant differences (P = 0.006) were observed with the

highest hypomagnesemia prevalence in the partial HNF1B gene deletion group (n = 22, 42%).
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Figure 21. Hypomagnesemia Prevalence by HNF1B Mutation Types at Last Evaluation in HNF1B
Nephropathy Patients.

Figure 22 depicts the cumulative incidence of diabetes cases among 111 patients with known age at
diabetes onset. The median age of diabetes onset was 22 years (IQR: 19.5 years), ranging from 1 to 65
years old, with 74 patients being adults. The graph illustrates that 50% of diabetes cases occurred by age
22, with 75% diagnosed by age 34, suggesting a trend towards later diagnosis ages. Notably, less than
10% of cases were diagnosed before the age of 10. Analysis further categorized the diabetes onset ages:
6.3% of diabetes diagnoses (n = 7) occurred between ages 0 and 10, 32.4% (n = 36) between 10 and 20,
46.8% (n = 52) between 20 and 40, 13.5% (n = 15) between 40 and 60, and 0.9% (n = 1) over 60 years
old.
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Figure 22. Cumulative Incidence of Diabetes in HNF1B Nephropathy Patients.

The assessment of diabetes prevalence across various age groups at the time of HNF1B nephropathy
diagnosis encompassed 305 patients (Figure 23). Significant variations (P < 0.001) were noted, with the
highest diabetes occurrence frequency observed in the >60 years age group (n =9, 82%), followed by

the 20-40 years age group (n = 54, 67%).
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Figure 23. Prevalence of Diabetes at the Time of HNF1B Nephropathy Diagnosis.
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DISCUSSION

Genetics

The prevalence and spectrum of HNF1B mutations in HNF1B nephropathy patients have been
extensively documented in scientific literature. Notably, a significant proportion of these mutations
consist of heterozygous whole-gene deletions, ranging from 43% to 64%, often associated with 17q12
chromosomal microdeletion (3,4,6,23,33,101,102). Conversely, the remaining cases predominantly
present with heterozygous intragenic point mutations (3,4,6). The data presented in this analysis supports
these findings, revealing whole HNF1B gene mutations as the most prevalent mutation type across all
age groups up to 50 years old. Specifically, in this study, 45% of patients presented with whole HNF1B
gene deletions, 26% exhibited partial HNF1B gene deletions, 21% had HNF1B missense mutations, and
7.5% presented with HNF1B splice site mutations. Consistent with these observations, a study by Okorn
et al. demonstrated a similar distribution pattern of HNF1B mutation types, with 53% of patients
exhibiting whole HNF1B gene deletions, 18% having HNF1B missense mutations, and 18% presenting
with HNF1B splice site mutations or gross insertions (23).

Additionally, the occurrence of de novo mutations in both heterozygous intragenic and heterozygous
whole-gene HNF1B mutations has been well-documented, accounting for up to 50% of cases (4,6,23) or
50% of cases in other studies (3). In this analysis, de novo mutations comprised 52% of cases, aligning

closely with existing literature.

Kidney Function

Progressive kidney function decline throughout adulthood is considered a hallmark of HNFI1B disease
(3). However, in this review, at 22 years of age, 25% of analyzed patients already exhibited CKD stages
3 or higher, a proportion that increased to 50% at 38 years and 75% at 53 years. Furthermore, the
incidence of CKD stage 5 patients also gradually increased over time, with 10% of patients reaching
CKD stage 5 at 29 years, 25% at 47 years, and 40% at 58 years. Rapid and unexplained deterioration of
kidney function has also been documented in scientific literature (6, 101), with Okorn et al. reporting a

subset of HNF1B patients developing ESKD before the age of 2 years (23).

Scientific articles report a median yearly eGFR decrease of —2.45 ml/min/year (3,6,101), comparable to
the observed average yearly eGFR decline during follow-up in this review (-2.56 ml/min/1.73m? per
year, P=0.01). Interestingly, the observed average yearly eGFR decline differs from that calculated using

linear regression analysis (1.169 ml/min/1.73m?, P = 0.02), resembling the mean annual eGFR loss
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reported by Okorn et al. in their total study cohort (— 1.0 ml/min/1.73m?) (23). Dubois-Laforgue et al.
concluded that eGFR at follow-up strongly correlates with eGFR at diagnosis and with age at follow-up
(101), aligning with this study's observation of a strong negative correlation (Spearman’s rho =-0.53, P
<0.001) between eGFR and age at last follow-up. Additionally, linear regression analysis indicated that
lower eGFR and older age at diagnosis were more statistically significant predictors for changes in eGFR

compared to the duration of follow-up (P < 0.001).

Regarding the prevalence of different CKD stages at HNF1B nephropathy diagnosis, kidney function
tends to be well-preserved, with the majority of patients having CKD stage 1 or stage 2 (91.2%, Kotbuc
et al; 88%, Okorn et al) (102,23). In contrast, this review indicated a worse kidney function profile, with
the majority of patients across all age categories presenting with CKD stages 2-3 (0-20 years: 45%, 20-
40 years: 63%, >40 years: 65%, respectively). CKD stage 1 was predominant only in the 0-20 years age
group (43%). Moreover, while Okorn et al. reported no CKD stage 5 patients (23), the cohort from this
study revealed 6% in the 0-20 years age group and 12% in the 20-40 and >40 age groups. It's worth
noting that the study cohorts in Kotbuc et al. and Okorn et al. had a mean age of 7.84 years (95% CI:
6.10-9.58) (102) and were all <18 years old (23), respectively, unlike this study where the majority of
patients were adults, potentially influencing the prevalence of worse CKD stages at diagnosis in this

review.

In their study, Faguer et al. followed 27 patients for a median duration of 5.5 years (range: 1-29), with a
median age of 35 years (range: 16—74) at the latest follow-up (3). Conversely, this review had a median
follow-up duration of 3 years (IQR: 7.7 years), reflecting a similar age distribution at last follow-up to

the Faguer et al. study.

Both Faguer et al. and Dubois-Laforgue et al. reported a notable prevalence of CKD stages 3-4 at the
latest follow-up, with rates of 60% and 44%, respectively (3,101). In this study, a significant proportion
of patients aged 20-40 years and >40 years primarily exhibited CKD stages 2-3 (51% and 58%,
respectively). Moreover, the frequency of CKD stages 4-5 at the last follow-up was comparable between

this study (20-40 years: 39%, >40 years: 38%) and the findings reported by Faguer et al. (39%) (3).

Of particular interest is the age category of 0-20 years, where the majority of patients in this review
presented with CKD stage 1 at last follow-up (53%), contrasting with the findings of Faguer et al. (8§%)
(3), but aligning with Okorn et al., where 58% of patients exhibited CKD stage 1 at the last follow-up
(23). The median age of patients in the Okorn et al. study was 8 years (range 0-19 years) (23),
corresponding to the 0-20 years age group in this review. Additionally, within the 0-20 years age group,
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21% of patients in this study had CKD stage 2 (compared to 24% in the Okorn et al. study), and 6%
progressed to ESKD (compared to 8% in Okorn et al. for patients <2 years old, and 3% in patients >2
years old, with a median age of 12 years, range 5-19 years) (23).

Regarding ESKD at last follow-up, Faguer et al. reported a considerable proportion of patients
progressing to this stage, with rates of 15% (3). Notably, they observed instances of ESKD onset at
diverse ages, with four patients reaching ESKD at ages 7, 22, 29, and 31 years (3). In this study, 12% of
patients reached ESKD, with a median age of 32 years (IQR: 25.5 years), ranging from 10 to 58 years.

Regarding genotype-kidney function correlations, Okorn et al. concluded no statistically significant
differences in kidney function or phenotypes among carriers of different HNF1B mutation types (23).
However, this review indicated borderline statistical significance in CKD stage differences among
different mutation types (P = 0.048). Dubois-Laforgue et al. reported less frequent CKD stages 3-5 in
patients with HNF1B deletions than in those with mutations (101), a trend also observed in this review:
CKD stages 3-5 were less frequent in patients with HNF1B partial and whole gene deletions (58%,
32.5%) than in patients with HNF1B mutations (missense 65.5%, splice site 60%). Additionally, this
review identified the highest CKD stages in patients with partial deletions (CKD stages 4-5, 31.7%) and
the lowest in patients with whole gene deletions (CKD stage 1, 47.5%).

Kidney Morphology

Kidney structural abnormalities represent a significantly heterogeneous characteristic of HNF1B
nephropathy (6). Heidet et al. identified isolated hyperechogenic kidneys as the most prevalent prenatal
US feature in HNF1B nephropathy patients, accounting for 61% of cases (33), a finding consistent with
this review where 62% exhibited this feature. Other prenatal kidney US features, such as multicystic
dysplastic kidneys, were less common, with rates of 18% in the Heidet et al. study (33) and 7.7% in this
review. Kotbuc et al. also observed a higher prevalence of hyperechogenic and multicystic dysplastic
Kidneys in patients with HNF1B mutations (102).

A cystic phenotype is frequently noted in HNF1B nephropathy patients across various studies (3, 6, 102).
Dubois-Laforgue et al. reported kidney cysts in 81% of their patient cohort (101), rather consistent with
this finding that kidney cysts affected 68% of patients at the time of HNF1B nephropathy diagnosis.
Okorn et al. found bilateral and unilateral kidney cysts in kidney US at the end of follow-up in 90% of
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their patients (23), while Faguer et al. detected kidney cysts in 62% of patients at their last follow-up (3).
In this review, kKidney cysts were also the predominant finding (73%) at the last follow-up kidney US.

Additionally, a range of kidney manifestations, including hydronephrosis, vesicoureteral reflux, and
nephrocalcinosis, have been reported in cases of HNF1B nephropathy (6). In this review, hydronephrosis
was observed in 3% of kidney ultrasound findings (n = 14), while vesicoureteral reflux and

nephrocalcinosis were identified in 2% (n = 8) and 1% (n = 4) of cases, respectively.

Prevalence of Kidney — Associated Complications and Extrarenal Manifestations

The Kkidney - associated complications phenotype of HNF1B nephropathy is predominantly characterized
by a low prevalence of arterial hypertension (6). Faguer et al. corroborated these findings, reporting a
hypertension frequency of only 7% among their study participants (3). In contrast, this review observed

a hypertension prevalence of 16%.

Regarding proteinuria, Dubois-Laforgue et al. reported a prevalence of 26%, whereas this review found
a higher frequency of 39% among HNF1B nephropathy patients (101).

The prevalence of hyperuricemia in this review was 41%, mirroring that of other studies, such as Kotbuc
et al. (42.5%) and Okorn et al. (37%) (102,23). Similarly, the frequency of hypomagnesemia in this
review was 32%, which fell within the range reported by other studies but was lower than some previous
findings (Dubois-Laforgue et al.: 75%, Kolbuc et al.: 65%, Faguer et al.: 62%) or higher (Okorn et al.:
24%) (101,102,3,23).

In terms of diabetes prevalence, this review found it to be 39%, which was higher than that reported by
Faguer et al. (9%) (3) but lower than the frequency in Dubois-Laforgue et al. study (82%) (101). Notably,
the median age at onset of diabetes in this review was 22 years, with 61% of patients experiencing onset
after the age of 20. These findings are similar to the ones from Dubois-Laforgue et al. study, where over
25 years was the age of onset for diabetes in 57% of patients (101). Faguer et al. reported a median age
of 37 years for HNF1B nephropathy patients with diabetes at last follow-up (3). However, it is likely that
differences in the age distribution of patients across these study cohorts influenced the disparate diabetes
prevalence numbers. Diabetes mellitus is commonly observed in approximately 50% of HNF1B
nephropathy patients and represents the most frequent extrarenal feature associated with the disease (6).
Additionally, the presence of CKD at the onset of diabetes is a common occurrence, with 40% of patients

in this review already having diabetes at the time of HNF1B nephropathy diagnosis.
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Genotype — Phenotype Correlations

Scientific literature suggests that no clear correlation between the type or position of a pathogenic variant
within the HNF1B gene and the occurrence of specific clinical features has been established to date (4,6).
However, this analysis revealed distinct associations between mutation types and clinical manifestations.
Notably, the lowest prevalence of proteinuria was observed in the whole gene deletion group (19%),
while the highest was in the partial gene deletion group (58%) (P = 0.008). However, only 19% of the
entire patient cohort (n = 99) had available data regarding proteinuria prevalence, similar to the number
of patients with data on hyperuricemia frequency (48%, n=252) and hypomagnesemia prevalence (42%,
n = 220). The lowest frequency of hyperuricemia and hypomagnesemia was observed in the missense
mutation group (24%, P = 0.002; 12%, P = 0.006, respectively). Conversely, the splice site mutation
group exhibited the highest prevalence of hyperuricemia (52%). Kotbuc et al. also noted a higher
frequency of hyperuricemia in patients with point mutations compared to deletions of the HNF1B gene
(102). In this review the frequency of hyperuricemia among patients with HNF1B point mutations and
deletions was similar (76% and 72%, respectively). Additionally, the partial HNF1B deletion group
showed the highest frequency of hypomagnesemia in this study (42%). These observed associations
underscore the intricate interplay between genotype and phenotype in HNF1B nephropathy, warranting

further investigation.

Given the complex clinical landscape of HNF1B — associated disease, two types of scores have been
proposed for selecting patients for genetic screening based on clinical criteria (6). The score proposed by
Faguer et al. incorporates various factors such as family history, antenatal kidney abnormalities, kidney
and urinary tract phenotypic changes, electrolyte or uric acid disorders, and pathological findings, among
others. Notably, the presence of left or right kidney hyperechogenicity or Kidney cysts, pancreas

abnormalities, and genital tract abnormalities carries the highest weight (+4) in this scoring system (100).

CONCLUSIONS

The systematic literature review yielded the following main conclusions:

1. The prevalence and inheritance patterns of four HNF1B mutation types were analyzed. Whole
HNF1B gene deletions were the most common mutation type across all age groups up to 50 years
old. The median age of onset for HNF1B nephropathy varied among mutation types, with whole

HNF1B gene deletions having the youngest median age at 6 years, followed by splice site
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4.

5.

mutations at 11 years, and missense and partial HNF1B gene deletions at 12 and 18 years,
respectively. Notably, de novo HNF1B mutations accounted for 52% of cases, while 48% were

inherited.

Long-term kidney function outcomes and their associations with HNF1B mutation types were
investigated. HNF1B nephropathy patients exhibited an increased risk of progression to end-stage
kidney disease, with 10% reaching chronic kidney disease stage 5 by age 29 years at last follow-
up, increasing to 25% at 47 years and 40% at 58 years. The average yearly decline in estimated
glomerular filtration rate during follow-up was -2.56 ml/min/1.73m? per year, indicating
progressive kidney function deterioration. Linear regression analysis identified older age and
lower estimated glomerular filtration rate at diagnosis as statistically significant predictors for
estimated glomerular filtration rate change (P<0.001). Notably, patients with whole HNF1B gene
deletions exhibited the best — preserved kidney function, with 47.5% having stage 1 chronic
kidney disease while those with partial gene deletions showed the poorest kidney function, with
31.7% presenting with chronic kidney disease stages 4 and 5 (P = 0.048).

Kidney ultrasound features of HNF1B nephropathy patients were analyzed, revealing
hyperechogenic kidneys as the predominant prenatal phenotype (62%). Kidney cysts were most

prevalent both at diagnosis (68%) and at last follow-up (73%).

The frequency and genotype — phenotype correlations of kidney - associated complications (such
as hypertension and proteinuria) were examined. Proteinuria prevalence exceeded hypertension
(39% and 16%, respectively), with the whole HNF1B gene deletion group presenting with the
highest hypertension frequency (27%, P = 0.49) and the lowest proteinuria incidence (19%, P =
0.008). Proteinuria was most prevalent in the partial HNF1B gene deletion group (58%).

The prevalence and genotype — phenotype correlations of extrarenal manifestations (including
diabetes, hyperuricemia, and hypomagnesemia) were assessed. Hyperuricemia was the most
common extrarenal manifestation (41%), followed by diabetes (39%) and hypomagnesemia
(32%). A trend towards later diabetes diagnoses was observed, with 50% of cases diagnosed by
age 22, and the highest diabetes prevalence observed in the >60 years age group at the time of
HNF1B nephropathy diagnosis (82%) (P < 0.001). The partial HNF1B gene deletion group
exhibited the highest hypomagnesemia frequency (42%, P = 0.006) and diabetes incidence (47%,
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P = 0.088), while hyperuricemia was most frequent in the HNF1B splice site mutation group
(52%, P =0.002).

In summary, the progressive decline of kidney function in HNF1B nephropathy patients underscores the

importance of long-term monitoring for this population. Furthermore, findings from this review

emphasize the need for further research to elucidate the underlying mechanisms driving genotype-

phenotype correlations in HNF1B nephropathy.

PRACTICAL RECOMMENDATIONS

HNF1B-associated disease should be considered in patients presenting with hyperechogenic
kidneys and kidney cysts, particularly in those with concurrent diabetes, hyperuricemia or

hypomagnesemia, even without a positive family history.

Kidney function tends to decline gradually, thus regular monitoring is required. Consider older
age at HNF1B nephropathy diagnosis and initial eGFR as predictors of more rapid kidney

function decline.

Note that individuals with partial gene deletions demonstrate the highest incidence of
hypomagnesemia and diabetes, while patients with whole gene deletions most commonly present
with hypertension. Additionally, patients with splice site mutations exhibit the highest incidence

of hyperuricemia.

Diabetes may manifest in adolescence, thus regular monitoring and advising families on symptom

awareness is required.

In addition to these recommendations, further research may shed light on additional factors influencing

the clinical course and management of HNF1B nephropathy. Specifically, investigating the impact of

environmental factors, comorbidities, and therapeutic interventions on disease progression could provide

valuable insights for optimizing patient care and outcomes in the future.

1
2.

LITERATURE SOURCES

HNF1B HNF1 homeobox B [Homo sapiens (human)] - Gene - NCBI [Internet]. www.ncbi.nlm.nih.gov.
HNF1B gene: MedlinePlus Genetics [Internet]. medlineplus.gov.

33



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Faguer S, Decramer S, Chassaing N, Bellanné-Chantelot C, Calvas P, Beaufils S, et al. Diagnosis, management, and prognosis of HNF1B nephropathy in adulthood.

Kidney International. 2011 Oct;80(7):768-76. https://doi.org/10.1038/ki.2011.225

Nittel C, Dobelke F, Konig J, Konrad M, Becker K, Kamp-Becker |, et al. Review of neurodevelopmental disorders in patients with HNF1B gene variations. Frontiers

in Pediatrics. 2023 Mar 9;11. https://doi.org/10.3389/fped.2023.1149875

Clissold RL, Hamilton AJ, Hattersley AT, Ellard S, Bingham C. HNF1B-associated renal and extra-renal disease-an expanding clinical spectrum. Nature Reviews

Nephrology [Internet]. 2015 Feb 1;11(2):102-12. https://doi.org/10.1038/nmeph.2014.232

Gambella A, Kalantari S, Cadamuro M, Quaglia M, Delvecchio M, Fabris L, et al. The Landscape of HNF1B Deficiency: A Syndrome Not Yet Fully Explored. Cells

[Internet]. 2023 Jan 13;12(2):307—7. https://doi.org/10.3390%2Fcells12020307

Chandra S, Srinivasan S, Batra J. Hepatocyte nuclear factor 1 beta: A perspective in cancer. Cancer Medicine. 2021 Feb 13;10(5):1791-804.
https://doi.org/10.1002/cam4.3676

Verhave JC, Bech AP, Wetzels JFM, Nijenhuis T. Hepatocyte Nuclear Factor 1—Associated Kidney Disease: More than Renal Cysts and Diabetes. Journal of the

American Society of Nephrology: JASN [Internet]. 2016 Feb 1;27(2):345-53. https:/doi.org/10.1681/asn.2015050544

Avni FE, Lahoche A, Langlois C, Garel C, Hall M, Vivier PH. Renal involvement in children with HNF1B mutation: Early sonographic appearances and long-term

follow-up. European Radiology. 2015 Feb 1;25(5):1479-86. https://doi.org/10.1007/s00330-014-3550-x

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic Reviews of Interventions version 6.3 (updated February
2022). Cochrane, 2022.

Nagano C, Morisada N, Nozu K, Kamei K, Tanaka R, Kanda S, et al. Clinical characteristics of HNF1B-related disorders in a Japanese population. Clinical and
Experimental Nephrology [Internet]. 2019 Sep 1, 23(9):1119-29. https://doi.org/10.1007/s10157-019-01747-0

Hua Tan CS, Ang SF, Yeoh E, Goh BX, Loh WJ, Shum CF, et al. MODY5 Hepatocyte Nuclear Factor 18 (HNF1B8)-Associated Nephropathy: experience from a regional monogenic
diabetes referral centre in Singapore. Journal of Investigative Medicine High Impact Case Reports. 2022 Jan; 10:232470962110656. https://doi.org/10.1177/23247096211065626
Oram RA, Edghill EL, Blackman J, Miles J.O. Taylor, Kay T, Flanagan SE, et al. Mutations in the hepatocyte nuclear factor-1f (HNF1B) gene are common with combined uterine
and renal malformations but are not found with isolated uterine malformations. American Journal of Obstetrics and Gynecology. 2010 Oct 1;203(4): 364.e1-5.
https://doi.org/10.1016/j.ajog.2010.05.022

Fujimoto K, Sasaki T, Hiki Y, Nemoto M, Utsunomiya Y, Yokoo T, et al. In vitro and Pathological Investigations of MODY5 with the R276X-HNF1.BETA. (TCF2) Mutation.
Endocrine Journal. 2007 Jan 1;54(5):757-64. https://doi.org/10.1507/endocrj.k07-051

Edghill EL, Oram RA, Owens M, Stals K, Harries LW, Hattersley AT, et al. Hepatocyte nuclear factor-1 gene deletions-a common cause of renal disease. Nephrology Dialysis
Transplantation. 2007 Oct 30;23(2):627-35. https://doi.org/10.1093/ndt/gfm603

Thomas R, Sanna-Cherchi S, Warady BA, Furth SL, Kaskel FJ, Gharavi AG. HNF1B and PAX2 mutations are a common cause of renal hypodysplasia in the CKiD cohort.
Pediatric Nephrology. 2011 Jun;26(6):897-903. https://doi.org/10.1007%2Fs00467-011-1826-9

Decramer S, Parant O, Beaufils S, Clauin S, Guillou C, Kessler S, et al. Anomalies of the TCF2 Gene Are the Main Cause of Fetal Bilateral Hyperechogenic Kidneys. Journal of
the American Society of Nephrology. 2007 Mar 1;18(3):923-33. https://doi.org/10.1681/asn.2006091057

Pinon M, Carboni M, Colavito D, Cisaro F, Peruzzi L, Pizzol A, et al. Not only Alagille syndrome. Syndromic paucity of interl obular bile ducts secondary to HNF1p deficiency:
a case report and literature review. Italian Journal of Pediatrics. 2019 Feb 21;45(1). https://doi.org/10.1186/s13052-019-0617-y

Faguer S, Bouissou F, Dumazer P, Guitard J, Bellanné-Chantelot C, Chauveau D. Massively Enlarged Polycystic Kidneys in Monozygotic Twins With TCF2/HNF-1 (Hepatocyte
Nuclear Factor-1p) Heterozygous Whole-Gene Deletion. American Journal of Kidney Diseases. 2007 Dec;50(6):1023-7. https://doi.org/10.1053/j.ajkd.2007.06.016

Aggarwal V, Krishnamurthy S, Seth A, Bingham C, Ellard S, Mukherjee SB, et al. The Renal Cysts and Diabetes (RCAD) Syndrome in a Child with Deletion of the Hepatocyte
Nuclear Factor-1p Gene. The Indian Journal of Pediatrics. 2010 Oct 2;77(12):1429-31. https://doi.org/10.1007/s12098-010-0215-x

Tudorache E, Sellier-Leclerc AL, Lenoir M, Toubiana N, Bensman A, Bellanne-Chantelot C, et al. Childhood onset diabetes posttransplant in a girl with TCF2 mutation. Pediatric
Diabetes. 2012 Jan 20;13(6):e35-9. https://doi.org/10.1111/j.1399-5448.2011.00842.x

Kolbuc M, LeBmeier L, Salamon-Stowinska D, Matecka I, Pawlaczyk K, Walkowiak J, et al. Hypomagnesemia is underestimated in children with HNF1B mutations. Pediatric
Nephrology. 2020 May 10;35(10):1877-86. https://doi.org/10.1007/s00467-020-04576-6

Okorn C, Goertz A, Vester U, Beck BB, Bergmann C, Habbig S, et al. HNF1B nephropathy has a slow-progressive phenotype in childhood—with the exception of very early
onset cases: results of the German Multicenter HNF1B Childhood Registry. Pediatric Nephrology [Internet]. 2019 Jun 1;34(6):1065-75. https://doi.org/10.1007/s00467-018-4188-
8

Vasileiou G, Hoyer J, Thiel CT, Schaefer J, Zapke M, Krumbiegel M, et al. Prenatal diagnosis of HNF1B -associated renal cysts: Is there a need to differentiate intragenic variants
from 17q12 microdeletion syndrome? Prenatal Diagnosis. 2019 Oct 25;39(12):1136-47. https://doi.org/10.1002/pd.5556

Nakayama M, Nozu K, Goto Y, Kamei K, Ito S, Sato H, et al. HNF1B alterations associated with congenital anomalies of the kidney and urinary tract. Pediatric Nephrology. 2010
Feb 13;25(6):1073-9. https://doi.org/10.1007/s00467-010-1454-9

Rigothier C, Harambat J, Llanas B, Subra J, Combe C. L’hétérogénéité d’expression phénotypique de la mutation du géne TCF2 codant pour HNF-1p illustrée par une famille.
Néphrologie & Thérapeutique. 2009 Jul 1;5(4):287-91. https://doi.org/10.1016/j.nephro.2009.02.009

Kettunen JLT, Parviainen H, Miettinen PJ, Farkkila M, Tamminen M, Salonen P, et al. Biliary Anomalies in Patients With HNF1B Diabetes. The Journal of Clinical Endocrinology
& Metabolism. 2017 Mar 17;102(6):2075-82. https://doi.org/10.1210/jc.2017-00061

Roca-Rodriguez M, Ayala-Ortega MC, Jiménez-Millan Al, Garcia Calzado MC, Ruiz de Adana MS, Carral-San Laureano F. Unilateral renal agenesis and abrupt onset diabetes:
An unfrequent form of MODY type diabetes. Medicina Clinica (English Edition). 2019 Jan;152(1):19-21. https://doi.org/10.1016/j.medcli.2017.12.020

Aydin C, Kiral E, Susam E, Tufan AK, Yarar C, Cetin N, et al. A case of familial recurrent 17q12 microdeletion syndrome presenting with severe diabetic

ketoacidosis. The Turkish Journal of Pediatrics. 2022;64(3):558. https://doi.org/10.24953/turkjped.2021.1613

Wang C, Zhang R, Lu J, Jiang F, Hu C, Zhou J, et al. Phenotypic heterogeneity in Chinese patients with hepatocyte nuclear factor-1 mutations. Diabetes Research

and Clinical Practice. 2012 Jan;95(1):119-24. https://doi.org/10.1016/j.diabres.2011.10.007

34



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Motyka R, Kotbuc M, Wierzcholowski W, Beck BB, Towpik IE, Zaniew M. Four Cases of Maturity Onset Diabetes of the Young (MODY) Type 5 Associated with
Mutations in the Hepatocyte Nuclear Factor 1 Beta (HNF1B) Gene Presenting in a 13-Year-Old Boy and in Adult Men Aged 33, 34, and 35 Years in Poland.
American Journal of Case Reports [Internet]. 2021 Feb 2;22. https://doi.org/10.12659/ajcr.928994

Omura Y, Yagi K, Honoki H, lwata M, Enkaku A, Takikawa A, et al. Clinical manifestations of a sporadic maturity-onset diabetes of the young (MODY) 5 with a
whole deletion of HNF1B based on 1712 microdeletion. Endocrine Journal [Internet]. 2019 Dec 25;66(12):1113-6. https://doi.org/10.1507/endocrj.ej19-0020
Heidet L, Decramer S, Pawtowski A, Moriniére V, Bandin F, Knebelmann B, et al. Spectrum of HNF1B Mutations in a Large Cohort of Patients Who Harbor Renal
Diseases. Clinical Journal of the American Society of Nephrology. 2010 Apr 8;5(6):1079-90. https://doi.org/10.2215/cjn.06810909

Ishiwa S, Sato M, Morisada N, Nishi K, Kanamori T, Okutsu M, et al. Association between the clinical presentation of congenital anomalies of the kidney and urinary
tract (CAKUT) and gene mutations: an analysis of 66 patients at a single institution. Pediatric Nephrology. 2019 Apr 1;34(8):1457-64.
https://doi.org/10.1007/s00467-019-04230-w

Gondra L, Décramer S, Chalouhi GE, Muller F, Salomon R, Heidet L. Hyperechogenic kidneys and polyhydramnios associated with HNF1B gene mutation. Pediatric
Nephrology. 2016 Jun 10;31(10):1705-8. https://doi.org/10.1007/s00467-016-3421-6

van der Made CI, Hoorn EJ, de la Faille R, Karaaslan H, Knoers NVAM, Hoenderop JGJ, et al. Hypomagnesemia as First Clinical Manifestation of ADTKD-HNF1B:
A Case Series and Literature Review. American Journal of Nephrology. 2015;42(1):85-90. https://doi.org/10.1159/000439286

Bingham C, Ellard S, Trevor R.P. Cole, Jones KE, Lisa I.S. Allen, Goodship JA, et al. Solitary functioning kidney and diverse genital tract malformations associated
with hepatocyte nuclear factor-1f mutations. Kidney International. 2002 Apr 1;61(4):1243-51. https://doi.org/10.1046/j.1523-1755.2002.00272.x

Ferreé S, Bongers EMHF, Sonneveld R, Comelissen EAM, van der Vlag J, van Boekel GAJ, et al. Early development of hyperparathyroidism due to loss of PTH
transcriptional repression in patients with HNF1B mutations? The Journal of Clinical Endocrinology and Metabolism [Internet]. 2013 Oct 1; 98(10):4089-96.
https://doi.org/10.1210/jc.2012-3453

Bingham C, Bulman MP, Ellard S, Allen LIS, Lipkin GW, Hoff WG van’t, et al. Mutations in the Hepatocyte Nuclear Factor-13 Gene Are Associated with Familial
Hypoplastic Glomerulocystic Kidney Disease. The American Journal of Human Genetics. 2001 Jan;68(1):219-24. https://doi.org/10.1086/316945

Bingham C, Ellard S, van’t Hoff WG, Simmonds HA, Marinaki AM, Badman MK, et al. Atypical familial juvenile hyperuricemic nephropathy associated with a
hepatocyte nuclear factor-1p gene mutation. Kidney International. 2003 May;63(5):1645-51. https://doi.org/10.1086/316945

Tao T, Yang Y, Hu Z. A novel HNF1B mutation p.R177Q in autosomal dominant tubulointerstitial kidney disease and maturity-onset diabetes of the young type 5.
Medicine. 2020 Jul 31;99(31):e21438. https://doi.org/10.1097/md.0000000000021438

Bingham C, Ellard S, Allen L, Bulman M, Shepherd M, Frayling T, et al. Abnormal nephron development associated with a frameshift mutation in the transcription
factor hepatocyte nuclear factor-181. Kidney International. 2000 Mar;57(3):898-907. https://doi.org/10.1046/j.1523-1755.2000.057003898.x

Ilwasaki N, Ogata M, Tomonaga O, Kuroki H, Kasahara T, Yano N, et al. Liver and Kidney Function in Japanese Patients With Maturity-Onset Diabetes of the
Young. 1998 Dec 1;21(12):2144-8. https://doi.org/10.2337/diacare.21.12.2144

Bascur P. MN, Ceballos O. ML, Farfan U. M, Gajardo H. I, Lépez C. J. Deteccioén de mutaciones del gen de HNF1B en nifios con malformaciones congénitas
kidneyes y del tracto urinario. Revista chilena de pediatria. 2018 Dec;89(6):741-746. https://doi.org/10.4067/s0370-41062018005001204

Pace NP, Craus J, Felice A, Vassallo J. Case Report: Identification of an HNF1B p.Arg527GIn mutation in a Maltese patient with atypical early onset diabetes and
diabetic nephropathy. BMC Endocrine Disorders. 2018 May 15;18(1). https://doi.org/10.1186/s12902-018-0257-z

Carette C, Vaury C, Barthélémy A, Clauin S, Griinfeld J, Timsit J, et al. Exonic Duplication of the Hepatocyte Nuclear Factor-1p Gene (Transcription Factor 2,
Hepatic) as a Cause of Maturity Onset Diabetes of the Young Type 5. The Journal of Clinical Endocrinology & Metabolism. 2007 Jul 1;92(7):2844-7.
https://doi.org/10.1210/jc.2007-0286

Montoli A, Colussi G, Massa O, Caccia R, Rizzoni G, Civati G, et al. Renal cysts and diabetes syndrome linked to mutations of the hepatocyte nuclear factor-1 beta
gene: description of a new family with associated liver involvement. American Journal of Kidney Diseases: The Official Journal of the National Kidney Foundation
[Internet]. 2002 Aug 1; 40(2):397-402. https://doi.org/10.1053/ajkd.2002.34538

Mache C, Preisegger KH, Kopp S, Ratschek M, Ring E. De novo HNF-1f gene mutation in familial hypoplastic glomerulocystic kidney disease. Pediatric
Nephrology. 2002 Dec 1;17(12):1021-6. https://doi.org/10.1007/s00467-002-0975-2

Tjora E, Wathle G, Erchinger F, Engjom T, Molven A, Aksnes L, et al. Exocrine pancreatic function in hepatocyte nuclear factor 1B-maturity-onset diabetes of the
young (HNF1B-MODY) is only moderately reduced: compensatory hypersecretion from a hypoplastic pancreas. Diabetic Medicine. 2013 Apr 19;30(8):946-55.
https://doi.org/10.1111/dme.12190

Sagen JV, Bostad L, Njglstad PR, Sgvik O. Enlarged nephrons and severe nondiabetic nephropathy in hepatocyte nuclear factor-1p (HNF-1B) mutation carriers.
Kidney International. 2003 Sep;64(3):793-800. https://doi.org/10.1046/j.1523-1755.2003.00156.x

Deng M, Wang X, Xiao X, Ping F. Maturity-onset diabetes of the young type 5 uncovered during pregnancy with a long-term diagnosis of type 1 diabetes. Journal
of Diabetes Investigation. 2019 Apr 2;10(6):1590-2. https://doi.org/10.1111/jdi.13036

Roelandt P, Antoniou A, Libbrecht L, Van Steenbergen W, Laleman W, Verslype C, et al. HNF1B deficiency causes ciliary defects in human cholangiocytes.
Hepatology. 2012 Jul 19;56(3):1178-81. https://doi.org/10.1002/hep.25876

Bollée G, Dahan K, Flamant M, Moriniére V, Pawtowski A, Heidet L, et al. Phenotype and Outcome in Hereditary Tubulointerstitial Nephritis Secondary to UMOD
Mutations. Clinical Journal of the American Society of Nephrology. 2011 Aug 25;6(10):2429-38. https://doi.org/10.2215/cjn.01220211

Loirat C, Bellanné-Chantelot C, Husson I, Deschénes G, Guigonis V, Chabane N. Autism in three patients with cystic or hyperechogenic kidneys and chromosome
17912 deletion. Nephrology Dialysis Transplantation. 2010 Jun 28;25(10):3430-3. https://doi.org/10.1093/ndt/gfq380

Kolatsi-Joannou M, Bingham C, Ellard S, Bulman MP, Lisa, Hattersley AT, et al. Hepatocyte Nuclear Factor-1beta: a new kindred with renal cysts and diabetes and
gene expression in normal human development. Journal of The American Society of Nephrology. 2001 Oct 1;12(10):2175-80. https://doi.org/10.1681/asn.v12102175
Gonc E, Ozturk B, Haldorsen IS, Molnes J, Immervoll H, Raeder H, et al. HNF1B mutation in a Turkish child with renal and exocrine pancreas insufficiency, diabetes
and liver disease. Pediatric Diabetes. 2011 Jul 19;13(2):e1-5. https://doi.org/10.1111/j.1399-5448.2011.00773.x

35



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

Dotto RP, Fernando M, Giuffrida A, Franco L, Andreia L, Mathez G, Weinert LS, Silveiro SP, et al. Unexpected finding of a whole HNF1B gene deletion during
the screening of rare MODY types in a series of Brazilian patients negative for GCK and HNF1A mutations. Diabetes Research and Clinical Practice. 2016 Jun
1;116:100-4. https://doi.org/10.1016/j.diabres.2016.04.035

Alvelos MI, Rodrigues M, Lobo L, Medeira A, Sousa AB, Simdo C, et al. A novel mutation of the HNF1B gene associated with hypoplastic glomerulocystic kidney
disease and neonatal renal failure: a case report and mutation update. Medicine [Internet]. 2015 Feb 1; 94(7):e469. https://doi.org/10.1097/md.0000000000000469
Mayer C, Bottcher Y, Kovacs P, Halbritter J, Stumvoll M. Phenotype of a patient with a de novo mutation in the hepatocyte nuclear factor 1p/maturity-onset diabetes
of the young type 5 gene. Metabolism. 2008 Mar;57(3):416-20. https://doi.org/10.1016/j.metabol.2007.11.001

Giglio S, Contini E, Toni S, Pela I. Growth hormone therapy-related hyperglycaemia in a boy with renal cystic hypodysplasia and a new mutation of the HNF1 gene.
Nephrology Dialysis Transplantation. 2010 Jun 13;25(9):3116-9. https://doi.org/10.1093/ndt/gfq315

Le Berre JP, Bellanné-Chantelot C, Bordier L, Garcia C, Dupuy O, Mayaudon H, et al. Diabéte de type 2 associé a des malformations rénales et pancréatiques. La
Revue de Médecine Interne. 2010 Jun 1;31(6):¢5-6. https://doi.org/10.1016/j.revmed.2009.04.008

Musetti C, Quaglia M, Mellone S, Pagani A, Fusco I, Monzani A, et al. Chronic renal failure of unknown origin is caused by HNF1B mutations in 9% of adult
patients: A single centre cohort analysis. Nephrology. 2014 Mar 24;19(4):202-9. https://doi.org/10.1111/nep.12199

Waller S, Rees L, Woolf AS, Ellard S, Pearson ER, Hattersley AT, et al. Severe hyperglycemia after renal transplantation in a pediatric patient with a mutation of
the Hepatocyte Nuclear Factor-1B gene. 2002 Dec 1;40(6):1325-30. https://doi.org/10.1053/ajkd.2002.36915

Yorifuji T, Kurokawa K, Mamada M, Imai T, Kawai M, Nishi Y, et al. Neonatal Diabetes Mellitus and Neonatal Polycystic, Dysplastic Kidneys: Phenotypically
Discordant Recurrence of a Mutation in the Hepatocyte Nuclear Factor-1p Gene Due to Germline Mosaicism. The Journal of Clinical Endocrinology & Metabolism
[Internet]. 2004 Jun 1 ; 89(6):2905-8. https://doi.org/10.1210/jc.2003-031828

Lindner T, Njolstad PR, Horikawa Y, Bostad L, Bell GI, Sovik O. A novel syndrome of diabetes mellitus, renal dysfunction and genital malformation associated
with a partial deletion of the pseudo-POU domain of hepatocyte nuclear factor-lbeta. Human Molecular Genetics. 1999 Oct 1;8(11):2001-8.
https://doi.org/10.1093/hmg/8.11.2001

Banin P, Giovannini M, Raimondi F, D'Annunzio G, Sala S, Salina A, et al. A novel hepatocyte nuclear factor-18 (MODY 5) gene mutation in a Romanian boy with
pancreatic calcifications, renal and hepatic dysfunction. PubMed. 2011 Apr 1;(193):55-60. https://europepmc.org/article/ MED/21617276

Nagamani SCS, Erez A, Shen J, Li C, Roeder E, Cox S, et al. Clinical spectrum associated with recurrent genomic rearrangements in chromosome 17q12. European
journal of human genetics: EJHG [Internet]. 2010; 18(3):278-84. https://doi.org/10.1038/ejhg.2009.174

Beckers D, Bellanné-Chantelot C, Maes M. Neonatal Cholestatic Jaundice as the First Symptom of a Mutation in the Hepatocyte Nuclear Factor-1p gene (HNF-1).
The Journal of Pediatrics. 2007 Mar;150(3):313-4. https://doi.org/10.1016/j.jpeds.2006.12.006

Thomas CP, Erlandson JC, Edghill EL, Hattersley AT, Stolpen AH. A genetic syndrome of chronic renal failure with multiple renal cysts and early onset diabetes.
Kidney International. 2008 Oct;74(8):1094-9. https://doi.org/10.1038/ki.2008.227

Yuan J, Yao Y, Li N, Xiao J, Shao J, Dai W, et al. Hepatocyte nuclear factor-1 beta frame-shift mutation in sporadic glomerulocystic kidney disease associated with
agenesis of the corpus callosum. Nephrology. 2009 Dec;14(8):764-5. https://doi.org/10.1111/j.1440-1797.2009.01088.x

Murray PJ, Thomas K, Mulgrew CJ, Ellard S, Edghill EL, Bingham C. Whole gene deletion of the hepatocyte nuclear factor-1 gene in a patient with the prune-belly
syndrome. Nephrology Dialysis Transplantation. 2008 May 25;23(7):2412-5. https://doi.org/10.1093/ndt/gfn169

Nishigori H, Yamada S, Kohama T, Tomura H, Sho K, Horikawa Y, et al. Frameshift Mutation, A263fsinsGG, in the Hepatocyte Nuclear Factor-1B Gene Associated
With Diabetes and Renal Dysfunction. Diabetes. 1998 Aug 1;47(8):1354-5. https://doi.org/10.2337/diab.47.8.1354

Muller DR, Klopocki E, Neumann L, Mundlos S, Taupitz M, Schulze I, et al. A complex phenotype with cystic renal disease. Kidney International. 2006 Nov
1;70(9):1656-60. https://doi.org/10.1038/sj.ki.5001746

Xiao TL, ZhangJ, Liu L, Zhang B. Hepatocyte nuclear factor 1B mutation in a Chinese family with renal cysts and diabetes syndrome: A case report. World Journal
of Clinical Cases. 2021 Oct 6;9(28):8461-9. https://doi.org/10.12998/wjcc.v9.i28.8461

Thewjitcharoen Y, Nakasatien S, Tsoi TF, Lim CKP, Himathongkam T, Chan JCN. Hypertriglyceridemia as a main feature associated with 17q12 deletion syndrome-
related hepatocyte nuclear factor 1B-maturity-onset diabetes of the young. Endocrinology, Diabetes & Metabolism Case Reports. 2022 Sep 1;2022.
https://doi.org/10.1530/edm-22-0297

1zzi C, Dordoni C, Econimo L, Delbarba E, Grati FR, Martin E, et al. Variable Expressivity of HNF1B Nephropathy, From Renal Cysts and Diabetes to Medullary
Sponge Kidney Through Tubulo-interstitial Kidney Disease. Kidney International Reports. 2020 Dec;5(12):2341-50. https://doi.org/10.1016%2Fj.ekir.2020.09.042
Nakamura M, Kanda S, Kajiho Y, Morisada N, lijima K, Harita Y. A case of 17q12 deletion syndrome that presented antenatally with markedly enlarged kidneys
and clinically mimicked autosomal recessive polycystic kidney disease. CEN Case Reports. 2021 May 3;10(4):543-8. https://doi.org/10.1007%2Fs13730-021-00604-
y

Junquera S, Gofii MJ, Lafita J. Diabetes MODY tipo 5: a propésito de un caso. Anales Del Sistema Sanitario De Navarra. 2011 Dec 1;34(3):527-31.
https://doi.org/10.4321/s1137-66272011000300024

Bustamante C, Sanchez J, Seeherunvong T, Ukarapong S. Early Onset of MODY5 Due to Haploinsufficiency of HNF1B. AACE Clinical Case Reports. 2020
Sep;6(5): €243-6. https://doi.org/10.4158/accr-2020-0161

Goknar N, Ekici Aver M, Ugkardes D, Kelesoglu E, Tekkus Ermis K, Candan C. Hepatocyte Nuclear Factor 1 Beta Mutation-associated Newborn Onset of
Glomerulocystic Kidney Disease: A Case Presentation. Medeniyet Medical Journal. 2021 Dec 22;36(4):352-5. https://dx.doi.org/10.4274/MMJ.galenos.2021.02686
Oba Y, Sawa N, Mizuno H, Hoshino J, Kinowaki K, Ohashi K, et al. Autosomal Dominant Tubulointerstitial Kidney Disease HNF1B With Maturity-Onset Diabetes
of the Young: A Case Report With Kidney Biopsy. Kidney Medicine [Internet]. 2021 Mar 1; 3(2):278-81. https://doi.org/10.1016/j.xkme.2020.10.007

Cleper R, Reches A, Shapira D, Simchoni S, Reisman L, Ben-Sira L, et al. Improving renal phenotype and evolving extra-renal features of 17q12 deletion
encompassing the HNF1B gene. Translational Pediatrics. 2021 Dec; 10(12):3130-9. https://doi.org/10.21037/tp-21-386

Lim SH, Kim JH, Han KH, Ahn YH, Kang HG, Ha IS, et al. Genotype and Phenotype Analyses in Pediatric Patients with HNF1B Mutations. Journal of Clinical
Medicine. 2020 Jul 21;9(7):2320. https://doi.org/10.3390/jcm9072320

36



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101

102.

Lopes AM, Teixeira S. New-onset diabetes after kidney transplantation revealing HNF1B-associated disease. Endocrinology, Diabetes & Metabolism Case Reports.
2021 Jan 27;2021. https://doi.org/10.1530%2FEDM-20-0165

Goumy C, Laffargue F, Eymard-Pierre E, Kemeny S, Gay-Bellile M, Gouas L, et al. Congenital diaphragmatic hernia may be associated with 1712 microdeletion
syndrome. American Journal of Medical Genetics - Part A. 2014 Nov 25;167(1):250-3. https://doi.org/10.1002/ajmg.a.36840

Nakayama Y, Sawa N, Suwabe T, Yamanouchi M, Ikuma D, Mizuno H, et al. Kidney Histology Findings in a Patient with Autosomal Dominant Tubulointerstitial
Kidney Disease Subtype Hepatocyte Nuclear Factor 1f. Internal Medicine. 2023 Feb 1;62(3):419-22. https://doi.org/10.2169/internalmedicine.9364-22

Madariaga L, Garcia-Castafio A, Ariceta G, Martinez-Salazar R, Aguayo A, Castafio L, et al. Variable phenotype in HNF1B mutations: extrarenal manifestations
distinguish affected individuals from the population with congenital anomalies of the kidney and urinary tract. Clinical Kidney Journal. 2018 Nov 13;12(3):373-9.
https://doi.org/10.1093/ckj/sfy102

Verbitsky M, Sanna-Cherchi S, Fasel D, Levy B, Kiryluk K, Wuttke M, et al. Genomic imbalances in pediatric patients with chronic kidney disease. 2015 Apr
20;125(5):2171-8. https://doi.org/10.1172/jci80877

Wang X, Xiao H, Yao Y, Xu K, Liu X, Su B, et al. Spectrum of Mutations in Pediatric Non-glomerular Chronic Kidney Disease Stages 2—5. Frontiers in Genetics.
2021 Jul 6;12. https://doi.org/10.3389/fgene.2021.697085

Mallawaarachchi AC, Lundie B, Hort Y, Schonrock N, Senum SR, Gayevskiy V, et al. Genomic diagnostics in polycystic kidney disease: an assessment of real-
world use of whole-genome sequencing. European Journal of Human Genetics [Internet]. 2021 Jan 12; 1-11. https://doi.org/10.1038%2Fs41431-020-00796-4
Carillo E, Lomas A, Pinés P, Lamas C. Long-lasting response to oral therapy in a young male with monogenic diabetes as part of HNF1B-related disease.
Endocrinology, Diabetes & Metabolism Case Reports [Internet]. 2017 Jun 23; 2017. https://doi.org/10.1530/edm-17-0052

Zuber J, Bellanné-Chantelot C, Carette C, Canaud G, Gobrecht S, Gaha K, et al. HNF1B-related diabetes triggered by renal transplantation. Nature Reviews
Nephrology. 2009 Aug 1;5(8):480-4. https://doi.org/10.1038/nrneph.2009.98

Obeidova L, Seeman T, Fencl F, Blahova K, Hojny J, Elisakova V, et al. Results of targeted next-generation sequencing in children with cystic kidney diseases often
change the clinical diagnosis. Bhatt GC, editor. PLOS ONE [Internet]. 2020 Jun 23; 15(6): e0235071. https://doi.org/10.1371/journal.pone.0235071

Connaughton DM, Kennedy C, Shril S, Mann N, Murray SL, Williams PA, et al. Monogenic causes of chronic kidney disease in adults. Kidney International
[Internet]. 2019 Apr;95(4):914-28. https://doi.org/10.1016/j.kint.2018.10.031

Haldorsen 1S, Vesterhus M, Rader H, Jensen D, Sgvik O, Molven A, et al. Lack of pancreatic body and tail in HNF1B mutation carriers. Diabetic Medicine. 2008
Jul 1;25(7):782-7. https://doi.org/10.1111/j.1464-5491.2008.02460.x

Adalat S, Woolf AS, Johnstone KA, Wirsing A, Harries LW, Long DA, et al. HNF1B Mutations Associate with Hypomagnesemia and Renal Magnesium Wasting.
Journal of the American Society of Nephrology. 2009 Apr 23;20(5):1123-31. https://doi.org/10.1681/asn.2008060633

Ulinski T, Lescure S, Beaufils S, Guigonis \, Decramer S, Morin D, et al. Renal phenotypes related to hepatocyte nuclear factor-1beta (TCF2) mutations in a pediatric
cohort. Journal of the American Society of Nephrology: JASN [Internet]. 2006 Feb 1; 17(2):497-503. https://doi.org/10.1681/asn.2005101040

Raile K, Klopocki E, Holder M, Wessel T, Galler A, Deiss D, et al. Expanded Clinical Spectrum in Hepatocyte Nuclear Factor 1B-Maturity-Onset Diabetes of the
Young. The Journal of Clinical Endocrinology & Metabolism. 2009 Jul 1; 94(7):2658-64. https://doi.org/10.1210/jc.2008-2189

Halbritter J, Mayer C, Bachmann A, Rasche FM, Uhlmann D, Stumvoll M, et al. Successful Simultaneous Pancreas Kidney Transplantation in Maturity-Onset
Diabetes of the Young Type 5. Transplantation. 2011 Oct 27;92(8): e45-7. http://dx.doi.org/10.1097/TP.0b013e318230c0d7

Faguer S, Chassaing N, Bandin F, Prouheze C, Garnier A, Casemayou A, et al. The HNF1B score is a simple tool to select patients for HNF1B gene analysis. Kidney
International. 2014 Nov;86(5):1007-15. https://doi.org/10.1038/ki.2014.202

Dubois-Laforgue D, Cornu E, Saint-Martin C, Coste J, Bellanné-Chantelot C, Timsit J, et al. Diabetes, Associated Clinical Spectrum, Long-term Prognosis, and
Genotype/Phenotype Correlations in 201 Adult Patients With Hepatocyte Nuclear Factor 1B (HNF1B) Molecular Defects. Diabetes Care [Internet]. 2017 Apr 18;
40(11):1436-43. https://doi.org/10.2337/dc16-2462

Kolbuc M, Bienia$ B, Habbig S, Kolek MF, Szczepanska M, Kilis-Pstrusinska K, et al. Hyperuricemia Is an Early and Relatively Common Feature in Children with
HNF1B Nephropathy but Its Utility as a Predictor of the Disease Is Limited. Journal of clinical medicine. 2021 Jul 24;10(15):3265-5.
https://doi.org/10.3390/jcm10153265

37



SUPPLEMENTARY MATERIAL

Annex No. 1. Summary of Demographic, Genetic, and Clinical Data for Deceased Patients with HNF1B

Nephropathy.
Ref. No. Sex Age at HNF1B mutation Cause of death
death
26 1 F ND ND ESKD
33 2 ND ND complete HNF1B deletion oligo-anamnios
33 3 ND ND partial HNF1B deletion. Exon 4. ¢.840delC, p.Pro280fs enlarged multicystic kidneys
33 4 ND ND partial HNF1B deletion. Exon 1. ¢.232G—T. p.Glu78X bilateral MCK
35 5 ND 22w ND polyhydramnios
35 6 ND 32w heterozygous HNF1B deletion unilateral enlarged multicystic kidney,
polyhydramnios
40 7 M 37y HNF1B splice site mutation. Intron 2. IVS2+1G>T ESKD
50 8 F 27y HNFI1B in-frame deletion. R137-K161del a condition resembling multiple
sclerosis with progression of skeletal
muscle paralysis
57 9 M 39y HNFI1B exons 1-9 deletion, yielding the mutation p.Metl_Trp557del poorly treated MODY'5

F: female. M: male. ND: not determined. ESKD: end-stage kidney disease. MCK: multicystic kidneys. MODY5: mature-onset diabetes of the young type 5.
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