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Abstract

Autosomal dominant tubulointerstitial kidney disease (ADTKD) refers to a group of disorders 

with a bland urinary sediment, slowly progressive chronic kidney disease (CKD), and autosomal 

dominant inheritance. Due to advances in genetic diagnosis, ADTKD is becoming increasingly 

recognized as a cause of CKD in both children and adults. ADTKD-REN presents in childhood 

with mild hypotension, CKD, hyperkalemia, acidosis, and anemia. ADTKD-UMOD is associated 

with gout and CKD that may present in adolescence and slowly progresses to end-stage kidney 

disease. HNF1β mutations often presents in childhood with anatomic abnormalities such as 

multicystic or dysplastic kidneys, in addition to CKD and a number of other extra-kidney 

manifestations. ADTKD-MUC1 is less common in childhood, and progressive CKD is its sole 

clinical manifestation, usually beginning in the late teenage years. This review describes the 

pathophysiology, genetics, clinical characteristics, diagnosis, and treatment of the different forms 

of ADTKD, with an emphasis on diagnosis. We also present data on kidney function in children 

with ADTKD from the Wake Forest Rare Inherited Kidney Disease Registry.
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Introduction:

Autosomal dominant tubulointerstitial kidney disease (ADTKD) has three cardinal features: 

autosomal dominant inheritance, slowly progressive chronic kidney disease (CKD), and a 

bland urinary sediment[1, 2]. The most common causes of ADTKD are mutations in UMOD 

Corresponding Author: Anthony J. Bleyer, MD, MS, Wake Forest School of Medicine, Section on Nephrology, Winston-Salem, NC, 
USA 27157, Fax: 336-716-4318, Tel: 336-716-4650, ableyer@wakehealth.edu. 

Conflict of Interest: The authors have no conflicts of interest to report.

HHS Public Access
Author manuscript
Pediatr Nephrol. Author manuscript; available in PMC 2023 May 01.

Published in final edited form as:
Pediatr Nephrol. 2022 May ; 37(5): 933–946. doi:10.1007/s00467-021-05118-4.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[3], MUC1 [4], HNF1β[5], and REN [6, 7]. In this review, we will describe these conditions, 

with an emphasis on their clinical presentation and management in childhood.

The most important and distinguishing characteristic of these genetic conditions is 

autosomal dominant inheritance. While many family members may be affected, the presence 

of CKD of any type that affects a parent and a child is strongly suggestive of an autosomal 

dominant disorder. CKD is slowly progressive in all forms of ADTKD, but there is a wide 

spectrum of disease, with some individuals reaching end-stage kidney disease (ESKD) in 

their teens (rarely), while other individuals in the same family may not develop ESKD 

until past age 80 years[8]. While ESKD from ADTKD rarely occurs in childhood, CKD is 

often present. Thus, autosomal dominant inheritance, slowly progressive CKD, and a bland 

urinary sediment are the most important findings and are present in the vast majority of 

children with this disorder.

An important distinction in the clinical diagnosis of children with a bland urinary sediment 

and CKD is whether they may have nephronophthisis or ADTKD. Nephronophthisis is an 

autosomal recessive disorder caused by homozygous or compound heterozygous mutations 

in one of over 20 genes expressed in kidney tubular ciliary proteins. [9]. [9–11]. The 

infantile form of nephronophthisis may present at birth, with ESKD often developing within 

the first years of life[12]. In the juvenile form of nephronophthisis, patients may present 

with polydipsia, polyuria, growth retardation, and CKD[12], with a median age of ESKD of 

approximately 13 years[13], though ESKD has occurred as late as age 56 years [14]. Thus, 

in children with a bland urinary sediment, CKD, and no evidence of kidney disease in either 

parent, one should first consider nephronophthisis. In contrast, ADTKD is an autosomal 

dominant disorder, with a parent usually being affected. While ADTKD-REN can present 

in childhood, the median age of ESKD of approximately 54 years in ADTKD-UMOD and 

46 years in ADTKD-MUC1[15] (see Fig. 1). As with nephronophthisis, there is a spectrum 

with regards to the age of ESKD in ADTKD, with patients as young as 6 years having 

developed ESKD[16–19]. Thus, in children with CKD and a bland urinary sediment, one 

may first consider ADTKD if a parent also has CKD.

Congenital anomalies of the kidney and urinary tract (CAKUT) may also present in 

childhood with CKD and structural abnormalities of the kidney, including multicystic 

kidneys, kidney dysplasia or agenesis, vesico-ureteral reflux and other urinary tract 

abnormalities. Kidney dysplasia refers to abnormal kidney architecture with immature 

nephrons and undifferentiated stroma. Kidney dysplasia may be identified on ultrasound 

as echogenic kidneys, with kidneys being small or of normal size, often with accompanying 

cysts[20]. Many patients will have CKD as a result of these anatomic changes, and family 

members may have CKD with no known CAKUT findings[21]. HNF1β mutations are a 

frequent cause of CAKUT and are most commonly associated with bilateral multicystic 

kidneys or kidney dysplasia [22]. In addition, the findings of echogenic kidneys on 

ultrasound with CKD and a positive family history are similar to changes that may be 

seen in nephronophthisis, ADTKD-REN, MUC1, and UMOD.

Given the overlap in clinical presentations between nephronophthisis, CAKUT, and 

ADTKD, and the possibility of de novo mutations in ADTKD, gene panels encompassing 
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a large number of genetic disorders of the kidney or whole exome sequencing are the most 

efficient method to identify genetic causes of CKD in childhood. A collaborative approach 

will provide the highest probability of making a correct diagnosis. Adult and pediatric 

nephrologists should work together to compare manifestations of disease in the family 

across the entire age spectrum. Urologists and other specialists may also provide input when 

other clinical manifestations exist. Importantly, a genetics counselor will be most helpful in 

establishing inheritance, identifying appropriate diagnostic options, and obtaining consent 

from the family regarding benefits and risks of diagnosis. The genetics counselor will also 

be helpful in educating the family when a diagnosis is made and providing information and 

screening to other family members. Finally, specialists in these rare disorders may be called 

upon to provide their expertise.

Methods:

In addition to a review of the literature, data is included from an ongoing cohort study of 

patients with ADTKD at Wake Forest School of Medicine[23]. The registry was started in 

1996, and all patients with ADTKD are invited to participate. At present, there are 469 

individuals and 163 families with ADTKD-UMOD, 307 individuals and 99 families with 

ADTKD-MUC1, and 23 individuals and 13 families with ADTKD-REN. The protocol has 

been approved by the Institutional Review Board of Wake Forest School of Medicine. 

Estimated glomerular filtration rate (eGFR) was measured with the Pottel equation to 

facilitate comparison of measurements between childhood and early adulthood[24].

ADTKD-UMOD:

Pathophysiology and genetics:

ADTKD-UMOD is due to mutations in the UMOD gene encoding the glycoprotein 

uromodulin (also known as Tamm Horsfall glycoprotein)[3]. The mature uromodulin 

protein is a membrane-anchored glycoprotein containing 616 amino acids, with 48 

cysteine residues contributing to 24 disulfide bridges that are crucial for proper protein 

folding. Uromodulin undergoes extensive cross-linking in the endoplasmic reticulum[25]. 

Uromodulin is predominantly expressed in the thick ascending limb of Henle and to a lesser 

degree in the distal convoluted tubule[26]. UMOD mutations affect the amino acid sequence 

of the uromodulin protein, resulting in improper folding of uromodulin and deposition in the 

endoplasmic reticulum[27]. Mutant uromodulin deposition leads to endoplasmic reticulum 

stress and accelerated apoptosis, tubular cell dropout and nephron loss leading to CKD. 

Wild-type uromodulin enhances the delivery of the furosemide-sensitive NKCC2 transporter 

and the thiazide-sensitive sodium chloride cotransporter NCC to the apical surface of 

tubular cells, leading to sodium retention [26, 28, 29]. Decreased uromodulin production 

in ADTKD-UMOD leads to a decreased presence of the NCC and NKCC2 transporters on 

the apical surface, resulting in decreased sodium reabsorption and a mild natriuresis. The 

mild natriuresis leads to a secondary increase in proximal tubular uptake of sodium and 

secondarily uric acid. Thus, affected individuals develop hypouricosuric hyperuricemia, a 

cardinal feature of ADTKD-UMOD.
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Clinical characteristics:

Hyperuricemia is present early in life, and the most common pediatric presentation of 

ADTKD-UMOD is adolescent gout (see Fig. 2). In the Wake Forest cohort of 459 

individuals with ADTKD-UMOD, there was a 50% lifetime risk of developing gout (vs. 

4% prevalence in the general population[30]), and 8% developed gout in childhood at a 

mean age of 15.2±2.8 years [15]. A 5 year-old was the youngest individual to develop 

gout. Due to the common occurrence of hyperuricemia in ADTKD-UMOD, the condition 

was initially termed familial juvenile hyperuricemic nephropathy[31, 32]. Patients often 

present with classic symptoms of podagra or knee inflammation. As gout can be triggered by 

excess physical activity [33], teenagers may develop a gout attack after engaging in sports. 

The condition is frequently misdiagnosed by physicians due to the rarity of pediatric gout. 

However, parents in affected families will often offer the diagnosis, as they are familiar with 

the clinical manifestations of gout and look to it as a harbinger of ADTKD-UMOD.

CKD often occurs in children with ADTKD-UMOD (see Fig. 3). The Wake Forest 

cohort included data on 34 children <18 years with ADTKD-UMOD. At the time of first 

measurement, the mean eGFR was 72.3±20.1 ml/min/1.73m2 at a mean age of 12.5±4.0 

years. There were 11(32%) children with stage 3 CKD who presented at a mean age 

of 15.1±2.8 years. Fifteen (44%) individuals had stage 2 CKD, with a mean age at 

measurement of 11.7±4.1 years. There were 7 (21%) individuals with an eGFR > 90 ml/min/

1.73m2 with a mean age of presentation of 10.4±3.9 years. Thus, the majority of children 

with ADTKD-UMOD have CKD, becoming more prevalent as these individuals age during 

childhood.

While CKD is common in childhood, progression to ESKD is rare prior to adulthood [34, 

35]. The earliest age of ESKD reported is in a child with a Cys248Trp mutation who 

presented at age 3 with decreased eGFR, urinary concentration defect, hypertension, and 

mild proteinuria[36]. The patient proceeded to ESKD at age 6. Other family members 

proceeded to dialysis between ages 18 and 52, illustrating the wide variation of age of 

ESKD in families with ADTKD-UMOD that remains unexplained. In another family with 

an in-frame deletion of nucleotides 668–767 a child developed ESKD at age 12 years 

[19]. We have also identified a family with a p.C52S mutation, whose family members 

developed ESKD at 12, 14, 18 and 26 years. Other families with this mutation were found 

to have a mean age of ESKD of 43 and 30 years. In these families presenting at an early 

age, gout is usually present, and there is often a family history of ADTKD with similar 

early presentation of family members. Other characteristics of the disease remain similar to 

patients with older presentation.

Diagnosis:

The key factor leading to a diagnosis is the presence of CKD in both the patient and 

an affected parent and possibly other family members. Hypouricosuric hyperuricemia is 

present in almost all children with this disorder, and the presence of gout strongly suggests 

this diagnosis. When evaluating pediatric patients for hyperuricemia, it is important to use 

age-related norms for serum urate levels [37–39]. Fractional excretion of urate (FEurate ) 

is usually less than 0.05 (5%) in children with ADTKD-UMOD[40]. In the Wake Forest 
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cohort, the mean FEurate was 0.044±0.025 in affected children with a range of 0.016–0.101. 

However, in a large cohort study of normal children the FEurate was <0.05 in 42% of 

children between 5 and 10 years of age[37], making FEurate an unreliable screening test. 

While hyperuricemia is seen in most cases of ADTKD-UMOD, it can be seen in CKD of 

any cause. Children with ADTKD-UMOD will have a bland urinary sediment and a kidney 

ultrasound with normal or smaller kidney size and kidney cysts in about 20% of cases.

The differential diagnosis for ADTKD-UMOD includes nephronophthisis. Patients with 

nephronophthisis also have a bland urinary sediment and normal or small kidneys on 

ultrasound. The key differentiating factor is that nephronophthisis is autosomal recessive, 

with only other siblings affected, while in ADTKD-UMOD, there is usually at least a 

parent affected. Clinical findings associated with nephronophthisis can include retinitis 

pigmentosa, hepatic fibrosis, and situs inversus, as well as other neurological, skeletal, and 

ocular manifestations[11]. Hyperuricemia and gout are more common in ADTKD-UMOD. 

Hyperuricemia and gout in childhood may also lead to consideration of urate overproduction 

syndromes such as PRS1 overactivity or HPRT deficiency. Both of these conditions are 

X-linked and associated with overproduction of urate rather than under-excretion. Gout is 

usually present much earlier in life in these disorders, and untreated patients often have urate 

nephrolithiasis.

Genetic testing:

Mutational analysis of the UMOD gene is the definitive diagnostic test. Kidney biopsies 

are not recommended for diagnosis, as biopsies can be associated with significant 

complications, and pathologic findings are nonspecific and non-diagnostic for ADTKD-

UMOD. Similar pathologic changes may be seen in nephronophthisis. While directed 

genetic analysis of the UMOD gene can be performed, genetic panels will rule out other 

possible causes (such as nephronophthisis and ADTKD-REN).

Treatment:

At present, there is no specific treatment for ADTKD-UMOD. Given the mild natriuresis 

that patients experience, sodium restriction is not indicated and may exacerbate 

hyperuricemia. Young patients who present with gout should be treated with allopurinol[41], 

as, due to the genetic nature of this condition, patients are highly likely to have many 

subsequent gout attacks, and tophi may develop over time. Several past publications 

suggested that allopurinol might slow progression[42]. A weakness of these studies was 

the lack of a genetic diagnosis and short-term follow-up. Given these considerations, we 

recommend treatment with allopurinol if patients have pediatric gout but not to prevent CKD 

progression. If patients have a significantly elevated serum urate level, one might consider 

using allopurinol preventively if, for example, the patient is a competitive athlete who 

wishes to avoid the possibility of a gout attack unexpectedly before an important sporting 

event. Allopurinol prevents gout by lowering serum uric acid levels and is not a treatment for 

acute gout. When allopurinol is initiated, there may be an increased incidence of gout for the 

first several months. Allopurinol should not be stopped in the setting of an acute gout flare. 

If a skin rash develops, allopurinol should be stopped immediately and the patient evaluated, 

as allopurinol has rarely been associated with Stevens Johnson syndrome. Low-purine diets 
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are not recommended, as they are less likely to be effective and have substantial impact on 

quality of life[41].

Genetic screening:

Parents in families with ADTKD-UMOD may wish to have their children tested for UMOD 
mutations. Genetic societies discourage the testing of children for genetic disorders unless a 

specific therapy is available. If genetic testing is considered, the child should be informed of 

the benefits and risks of diagnosis and should give assent. Risks include a lifelong diagnosis 

that could affect the acquisition of health and life insurance in some countries. In adolescent 

patients who are active in athletics, one might consider genetic screening or measurement 

of uric acid levels, as gout prevention would prevent inopportune gout attacks. For patients 

in whom the mean familial age of ESKD is >45 years and gout is infrequent, one should 

discourage genetic testing because the condition is unlikely to affect the child before age 18 

years and is very unlikely to affect the patient for many years. It is also important to consider 

providing information and screening of other family members. Many affected adult family 

members may be undiagnosed, as well as their children. Such evaluation will also be helpful 

in the identification of unaffected potential kidney donors. Referral to a genetic counsellor 

will be helpful in screening, education, and also in making a genetic diagnosis.

Summary:

ADTKD-UMOD can present in childhood with hyperuricemia, gout, CKD, and a family 

history of CKD. Only in rare instances does ADTKD-UMOD result in ESKD in children. 

Patients have a bland urinary sediment and often have many affected family members. 

Genetic diagnosis can be performed in childhood, but only with the assent of the child and 

only if avoidance of gout is a high priority. Gout is well controlled with allopurinol.

ADTKD-MUC1:

Pathophysiology and genetics:

ADTKD-MUC1 is due to mutations in the MUC1 gene that encodes mucin-1, one 

of 20 different mucins found in humans. A combination of different mucins lines 

epithelial surfaces, including the respiratory tract, gastrointestinal tract, mammary ducts, 

and sebaceous ducts[43]. Mucin-1 is a transmembrane protein with a cytoplasmic tail that is 

responsible for intracellular signaling. Mucin-1 contains a repetitive sequence of 20 amino 

acids (known as a variable number of tandem repeats (VNTR)). There are between 20 

and 120 repeats in the mucin-1 VNTR as determined by the paternal and maternal VNTR 

lengths. Sugar residues bind to the VNTR, contributing to strong O- and N-glycosylation 

and giving the mucin-1 molecule its mucinous properties[44]. The most common mutation 

in ADTKD-MUC1 is the addition of a cytosine residue to a seven cytosine tract in the 

VNTR, resulting in a unique frameshift protein within the VNTR. Other mutations may 

also cause ADTKD-MUC1, including the addition of a guanosine residue or loss of two 

cytosine residues; all mutations result in the creation of the same frameshift protein[45]. 

The mutated MUC1 protein deposits in the endoplasmic reticulum Golgi intermediate 

compartment (ERGIC), where secretory proteins are transported in cargo vesicles between 

the ER exit sites and the Golgi apparatus[46]. The deposition of this abnormal protein results 
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in accelerated tubular cell death, nephron dropout, and progressive CKD. Unfortunately, 

due to the high cytosine/guanosine content and the repetitive nature of the VNTR, genetic 

mutational analysis cannot be carried out with standard genetic sequencing[4, 45, 47].

Clinical characteristics:

While mucin-1 is expressed in many tissues and the mutated protein can be identified 

in many epithelial tissues of affected individuals[45], the only clinical characteristic of 

ADTKD-MUC1 is CKD, and all secondary clinical manifestations (e.g. hypertension and 

gout) are due to CKD and occur with the same frequency as in other forms of CKD. The 

isolated kidney phenotype, despite the broad expression of mucin-1 in multiple tissues, 

remains unexplained. Affected individuals will have a bland urinary sediment with minimal 

proteinuria, and the kidney ultrasound will be unremarkable in childhood. While children 

with ADTKD-MUC1 may have a mildly decreased eGFR, this condition is unlikely to 

present in childhood, and there is no benefit of screening in children.

In the Wake Forest cohort, 18 individuals with ADTKD-MUC1 underwent eGFR 

measurement prior to age 18. The mean age of these individuals was 14.1±2.8 years and 

the mean eGFR was 94.3±18.1 ml/min/1.73m2. There were no individuals with Stage 3 

CKD, and 8(44%) had Stage 2 CKD, presenting at a mean age of 15.2±1.7 years. Thus, 

most children with ADTKD-MUC1 will have a normal or mildly decreased eGFR. Fig. 3 

shows eGFR values in individuals with ADTKD-MUC1. The median age of ESKD in this 

condition is 46 years[48], with the youngest age of ESKD being 16 years[8].

Diagnosis:

Given the lack of symptoms, diagnosis rests on the presence of CKD and a bland urinary 

sediment in a patient who has a parent who also suffers from CKD.

Genetic testing:

Due to the high guanosine/cytosine content of the VNTR, disease causing mutations in 

MUC1 are missed by Sanger sequencing. For this reason, gene panels and whole exome 

sequencing will NOT find disease-causing mutations in this gene, even if they clam to do 

so. Genetic testing is available free of charge through the Broad Institute for children with 

CKD and evidence of autosomal dominant transmission. Contact ableyer@wakehealth.edu 

to arrange. Other options that may be available for genetic sequencing include SNaPshot 

minisequencing, and single molecule real-time sequencing. These techniques will identify 

the cytosine duplication that is present in approximately 95% of individuals with this 

disorder[45] but will miss other mutations. Immunohistochemical examination of urinary 

cells for the frameshift mucin-1 protein and other research techniques to identify mutations 

other than the cytosine duplication are being developed[45, 47, 49].

Treatment:

There is no currently approved treatment for this condition. The Broad Institute of Harvard 

and MIT is developing a compound that removes the mutated protein from the ERGIC and 

has been found to be effective an a murine model [50].
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Genetic screening:

Genetic screening of children is highly discouraged, as this condition will rarely require 

treatment in childhood. Prenatal genetic testing is currently unavailable in the US.

Summary:

ADTKD-MUC1 is caused by frameshift mutations in the VNTR of the MUC1 gene. The 

only clinical manifestation of this condition is CKD, and the disease rarely presents in 

childhood.

ADTKD-REN:

Pathophysiology and genetics:

ADTKD-REN is caused by mutations in the REN gene encoding renin. Preprorenin 

is synthesized in the juxtaglomerular cells of the kidney. Preprorenin includes the 

signal peptide, which directs the immature renin to the endoplasmic reticulum, and the 

prosegment, which ensures proper folding of the renin molecule. The mature renin molecule 

is enzymatically active and is responsible for blood pressure control, potassium and 

bicarbonate homeostasis, and augmenting erythropoiesis. In addition, renin is important in 

kidney tubulogenesis. Recessive or compound heterozygous mutations in almost all genes of 

the renin-angiotensin system can cause kidney tubular dysgenesis, which is characterized by 

a high mortality and abnormal kidney development[51]. In contrast, heterozygous mutations 

in the REN gene result in the production of wild-type renin from a normal renin allele 

and mutated renin from the mutated renin allele. Clinical manifestations of this disorder 

result from a decrease in normal renin activity as well as from the deposition of the mutant 

renin within tubular cells[6]. Mutations that cause ADTKD-REN may occur in the signal 

peptide, prosegment, or mature renin molecule[7]. Mutations in the signal peptide and the 

prosegment often present in childhood. Mutations in the region encoding mature renin 

present in a similar manner and at a similar age to patients with ADTKD-UMOD. All 

mutations can be identified by standard genetic testing.

Clinical characteristics:

The clinical characteristics of this condition were recently described for a large international 

cohort of families with this disorder[7]. There are several characteristic presentations in 

childhood. Individuals with signal peptide mutations in the international cohort presented 

with acute kidney injury (10%), anemia, acidosis and kidney failure (13%), anemia alone 

(31%), CKD (22%) and gout (25%). Individuals with prosegment mutations presented 

with anemia, CKD, or gout. In addition, as patients have decreased renin and angiotensin 

production, they are prone to acute kidney injury, similar to patients receiving angiotensin 

converting enzyme inhibitors. Thus, patients may present in childhood during a viral illness 

with acute kidney injury, hyperkalemia, and acidemia. Patients presenting with acute kidney 

injury respond well to volume repletion, but a decreased eGFR often remains. In all pediatric 

presentations, patients will have anemia, which is due to low erythropoietin levels.
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Chronic kidney disease:

Patients have a low eGFR that is present at earliest measurement and may be due to 

abnormalities in embryonic kidney development. Fig. 4 shows the distribution of eGFR 

values vs. age for individuals with REN mutations. The eGFR values were almost all less 

than 70 ml/min/1.73m2 from an early age. Despite the initial low eGFR, only one child 

developed ESKD before age 20 years. Fig. 4 shows the slow progression that occurred 

through age 40 years, with the median age of ESKD being 53 years in the signal peptide 

group and 51 years in the prosegment group.

Electrolytes:

Serum potassium levels usually vary between 4 mEq/L and 6 mEq/l and remain relatively 

stable over time. Some patients require dietary potassium restriction. Acidosis is a common 

feature of ADTKD-REN, with patients often having serum bicarbonate levels between 15 

and 24 mEq/l, with a mean bicarbonate level of 22 mEq/L.

Anemia:

The mean hemoglobin level for children with ADTKD-REN is approximately 10 g/dl, with 

the lowest hemoglobin level of 7.5 g/dl in the international cohort study[7]. Patients with 

hemoglobin levels > 9 g/dl may not require erythropoietin treatment. Hemoglobin levels will 

usually remain stable in childhood; in males, hemoglobin levels tend to rise after age 20 due 

to increased testosterone secretion.

Hyperuricemia is present from childhood and more severe in males, with gout developing 

in approximately 50% of individuals with ADTKD-REN, though this usually occurs in 

adulthood.

Diagnosis:

ADTKD-REN should be considered in children with mildly low blood pressure, 

hyperkalemia, acidemia, and anemia out of proportion to CKD, especially if a parent is 

affected with CKD. Plasma renin levels are often low but may be in the low end of the 

normal range, complicating diagnosis. CKD is present from childhood, with most children 

having an eGFR of approximately 50 ml/min/1.73m2. The presence of low eGFR, mild 

hyperkalemia, and anemia helps to differentiate this condition from renal tubular acidosis.

Genetic testing:

Mutations are easily identified by Sanger sequencing of the REN gene, and testing is 

available through gene panels and whole exome sequencing.

Treatment:

Fludrocortisone can be used to treat the renin/aldosterone deficiency in ADTKD-REN[7, 52, 

53]. Treatment with fludrocortisone will improve serum potassium and serum bicarbonate 

levels. While serum bicarbonate levels will also respond to oral alkali administration, the 

latter requires a larger pill or liquid burden, and most patients do not achieve optimal serum 

bicarbonate levels with this regimen[7]. In addition, fludrocortisone will result in a small 
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increase in blood pressure and a secondary increase in eGFR. Anemia is easily treated 

with erythropoietin but may not be required. Many children remain asymptomatic with 

hemoglobin levels in the 10 g/dl range without erythropoietin.

Genetic screening:

Genetic screening of siblings and children of affected individuals should be considered due 

to the numerous therapeutic interventions that are possible and the early onset of clinical 

manifestations.

Summary: ADTKD-REN is associated with early-onset CKD and manifestations of 

renin deficiency, including mild hypotension, hyperkalemia, anemia, and acidemia. The 

condition is easily diagnosed with genetic testing. Patients respond well to treatment with 

fludrocortisone. Despite most individuals presenting with an eGFR < 50 ml/min/1.73m2 

before age 5, GFR remains preserved through childhood and adolescence.

ADTKD-HNF1β

Pathophysiology and genetics:

Hepatocyte nuclear factor 1β is a transcription factor that is important in the embryonic 

development of the kidney, pancreas, liver, and the urogenital tract. HNF1β regulates 

PKHD1 (mutations causing autosomal recessive polycystic kidney disease), PKD2, 

and GLIS2(mutations associated with nephronophthisis), playing an important role in 

maintenance of the kidney tubular structure[54]. As HNF1β is important in the development 

of many organs, heterozygous mutations may result in pancreatic atrophy and diabetes 

mellitus, unexplained liver function test abnormalities, kidney malformations, and CKD[55]. 

Loss of preservation of tubular structure results in the frequent occurrence of kidney cysts. 

Loss of regulation of FXDY2 (which encodes the gamma subunit of the Na+ K+ ATPase 

regulating epithelial ion transport) results in hypomagnesemia[56].

Approximately 50% of HNF1β mutations are de novo, and approximately 50% involve 

whole gene deletions[5, 22], with no correlation between mutation type and phenotypic 

expression. Incomplete penetrance is an important characteristic of this disorder, which 

makes diagnosis elusive. HNF1β deletion is included in the 17q12 microdeletion syndrome; 

characteristics of this syndrome include gynecologic abnormalities, epilepsy, lipodystrophy, 

autism, and esophageal malformations[55].

Clinical findings:

In childhood, structurally abnormal kidneys are the most common presenting symptom[22], 

with approximately 20% of CAKUT cases being caused by HNF1β mutations[5]. In one 

study, HNF1β mutations were found in 10% of CAKUT cases in adults and children, with 

65% having cysts. Consistent with other studies, all patients were found to have bilateral 

kidney anomalies, with multicystic kidneys and kidney dysplasia as the most common 

findings[57].
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A cohort study from the German Multicenter HNF1β Childhood Registry[22] provides 

the most comprehensive information about HNF1β mutations in childhood. In this study, 

prenatal kidney dysplasia (hyperechogenic kidneys) was seen in 32/62 (52%) patients. 

Bilateral kidney cysts were noted in 74% of patients in follow up, with 16% having 

unilateral cysts, and 10% with no cysts. Overall, these children had slow CKD progression. 

Cystic disease was non-progressive in 72%, with a mean eGFR loss of −0.33 ml/min/

1.73m2/year. Patients who had increasing cysts over time had a more accelerated decline 

in eGFR of approximately −3 ml/min/1.3m2/year. Other findings included hypomagnesemia 

(24%), hyperuricemia (37%) and elevated liver enzymes (21%). Hyperglycemia occurred in 

only 8%[22].

The mnemonic MAGIC LUCID includes the many varied clinical findings in ADTKD- 

HNF1β (see Table 2).

Diagnosis:

Diagnosis can be elusive due to incomplete penetrance and the fact that 50% of mutations 

are de novo. Affected family members will be affected by a varied combination or none of 

these conditions. For example, a child may have multicystic kidneys, while the patient’s 

affected mother is entirely asymptomatic, and a maternal uncle may have early-onset 

diabetes mellitus, gout, and CKD. Targeted questioning about conditions associated with 

this disorder in family members should be used in children found to have kidney structural 

abnormalities or CKD. The presence of bilateral kidney anomalies[57], hypomagnesemia 

and/or pancreas anomalies are more specific indicators of ADTKD- HNF1β[58]. Clinicians 

should use age-appropriate norms when evaluating serum magnesium levels[59]. Patients 

with HNF1β mutations can also present in a similar fashion as autosomal recessive 

polycystic kidney disease, with Potter’s sequence, oligohydramnios, and enlarged polycystic 

kidneys due to the role of HNF1β as a master regulator of PKHD1 and PKD2 genes[60]. 

When taking a family history, it is important to recognize the incomplete penetrance that 

occurs in this disorder and the varied clinical effects. Even if both parents are asymptomatic, 

it is important to obtain an extended family history, with emphasis on early onset diabetes, 

gout, and chronic kidney disease. The patient’s parents may not realize that family members 

suffer from other conditions such as hypomagnesemia and unexplained liver function 

abnormalities.

Genetic diagnosis: Diagnosis of HNF1β mutations can be difficult, as there is a high 

incidence of gene deletions that will be missed by performing only gene sequencing. 

For patients presenting with findings restricted to CAKUT, one might initially consider 

a chromosomal microarray, as at least 10% of CAKUT cases are associated with copy-

number variants[61, 62]. One might also consider a gene panel including HNF1β or whole 

exome sequencing to identify monogenic causes of CAKUT[57, 63]. When evaluating 

patients with a syndrome complex consistent with ADTKD-HNF1β, one might consider 

multiplex ligation –dependent probe amplification (MLPA), which will identify copy 

number variations in HNF1β as well as a gene panel or whole exome sequencing to identify 

mutations in HNF1β and other genes.

Bleyer et al. Page 11

Pediatr Nephrol. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Treatment:

All affected individuals should have a kidney ultrasound and screening for liver function 

test abnormalities, hypomagnesemia, hyperglycemia, and hyperuricemia. Based on baseline 

kidney ultrasound findings and eGFR, patients may need annual ultrasounds and should 

undergo periodic measurements of serum creatinine. Gynecologic examination for uterine 

abnormalities may be considered when age-appropriate. Affected individuals should be 

monitored for the development of diabetes mellitus. Diabetes treatment usually requires 

insulin therapy due to pancreatic hypoplasia and hepatic insulin resistance in this 

disorder[64]. There have been no formal studies of the treatment of hypomagnesemia in this 

disorder. If treatment is required, frequent administration of magnesium supplementation 

will be required, because administered magnesium will be quickly excreted in the urine. 

Patients who develop gout should be treated with allopurinol to prevent recurrent gout and 

development of tophi over time. There are no specific treatments for CKD in this disorder.

Genetic screening:

Genetic screening should only be performed in childhood if actionable conditions may be 

identified. Screening of children would be helpful in identifying hypomagnesemia CKD, 

and hyperglycemia. For this reason, genetic screening may be considered. Given difficulties 

in genetic testing, incomplete penetrance, and the variation in clinical findings, a genetics 

counsellor is extremely helpful in guiding diagnosis, information patients of risks and 

benefits of diagnosis, and in providing knowledge and information about screening to family 

members.

Summary:

ADTKD-HNF1β is a multisystemic disease that often presents in childhood with bilateral 

kidney anomalies, often multicystic kidneys. Though cysts are often present early in life, 

most children have a slowly progressive increase in cysts with very slow loss of kidney 

function. Incomplete penetrance and a varied clinical presentation makes diagnosis difficult.

Other conditions: There are a number of other autosomal dominant conditions in which 

tubulointerstitial kidney disease occurs. SEC61A1 encodes the protein transport protein 

Sec61 subunit alpha isoform 1 (SEC61α). It is a component of the mammalian endoplasmic 

reticulum (ER) translocon, a structure facilitating biosynthesis and transport of secretory 

proteins as well as intracellular calcium ions (Ca2+) homeostasis. Mutations in SEC61A1 
are rare, with six families reported[65–68]. Individuals with missense mutations affecting 

the translocon pore present with intrauterine growth retardation, dysplastic kidneys, 

congenital anemia, neutropenia gout, and CKD [65, 66]. Individuals with mutations in 

transmembrane helices presented with common variable immunodeficiency [68]. Genetic 

diagnosis is easily performed by conventional testing and is part of standard kidney 

genetic panels. Alagille syndrome [69, 70], Townes-Brocks syndrome[71, 72], and HDR 

(hypoparathyroidism, deafness, and kidney abnormalities) syndrome [73] may all have 

CKD and genitourinary tract abnormalities as clinical findings. Renal coloboma syndrome 

caused by PAX2 mutations is an autosomal dominant condition usually associated with 

proteinuria and glomerular changes. However, patients may have a broad spectrum of kidney 
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presentations[74], including tubulointerstitial kidney disease. Mutations in mitochondrial 

DNA are not autosomal dominant disorders but may present with CKD in childhood that 

could appear autosomal dominant [75].

Summary:

ADTKD is becoming increasingly recognized as a cause of CKD and ESKD in adults and 

CKD in children. There are now more than 300 families identified with these disorders 

in the United States. Most forms of ADTKD do not result in progression to ESKD in 

childhood. Patients may be identified due to presentation with CKD in childhood or for 

screening due to family history. In some forms hyperuricemia is common. Diagnosis can 

usually be made by gene panels, except for ADTKD-MUC1, which requires dedicated 

genetic testing. Genetic diagnosis of HNF1β mutations may also require chromosomal 

microarray. Readers are encouraged to contact the authors (ableyer@wakehealth.edu) to 

discuss potential cases and to obtain genetic testing for ADTKD-MUC1 and other causes of 

ADTKD.
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Fig. 1. 
Distribution of the age of end-stage kidney disease in ADTKD-UMOD and ADTKD-MUC1 
from the Wake Forest Rare Inherited Kidney Disease Registry, including 493 individuals 

with ADTKD-UMOD and 424 individuals with ADTKD-MUC1
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Fig. 2. 
Distribution curve of gout by age, including 63 individuals with ADTKD-MUC1, 234 

individuals with ADTKD-UMOD, and 10 individuals with ADTKD-REN
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Fig. 3. 
Estimated glomerular filtration rate (eGFR) values prior to age 24 for 47 individuals with 

ADTKD-MUC1, 81 with ADTKD-UMOD. The eGFR was calculated using the Pottel 

equation[24]. An eGFR of 10 ml/min/1.73m2 was assigned when a patient reached end-stage 

kidney disease
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Fig. 4. 
Estimated glomerular filtration rate (eGFR) values prior to age 40 years in patients with 

ADTKD-REN. There were multiple eGFR measurements from 7 patients in the prosegment 

group and 24 in the signal peptide group
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Table 2.

Clinical manifestations of HNF1β Mutations (MAGIC LUCID)

Magnesium. Hypomagnesemia related to kidney magnesium losses

Autosomal dominant

Genital tract abnormalities, including bicornuate uterus, absent uterus, vaginal hypoplasia

Incomplete penetrance

Cysts of the kidney and other structural abnormalities, including multicystic kidneys, fetal bilateral hyperechogenic kidneys, kidney agenesis, 
and hypoplastic kidneys. Less commonly, vesicoureteral reflux and hydronephrosis

Liver test abnormalities. Liver biopsies are normal.

Uric acid elevation. Hypouricosuric hyperuricemia. Gout may occur.

Chronic kidney disease

Inherited

Diabetes and pancreatic anomalies. Maturity onset diabetes of youth 5. Atrophy of the pancreatic tail
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