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This review investigates the association between neurodevelopmental disorders (NDD) and variations of the gene HNF1B. Heterozygous intragenetic mutations or heterozygous gene deletions (17q12 microdeletion syndrome) of HNF1B are the cause of a multi-system developmental disorder, termed renal cysts and diabetes syndrome (RCAD). Several studies suggest that in general, patients with genetic variation of HNF1B have an elevated risk for additional neurodevelopmental disorders, especially autism spectrum disorder (ASD) but a comprehensive assessment is yet missing. This review provides an overview including all available studies of patients with HNF1B mutation or deletion with comorbid NDD with respect to the prevalence of NDDs and in how they differ between patients with an intragenic mutation or 17q12 microdeletion. A total of 31 studies was identified, comprising 695 patients with variations in HNF1B, (17q12 microdeletion N = 416, mutation N = 279). Main results include that NDDs are present in both groups (17q12 microdeletion 25.2% vs. mutation 6.8%, respectively) but that patients with 17q12 microdeletions presented more frequently with any NDDs and especially with learning difficulties compared to patients with a mutation of HNF1B. The observed prevalence of NDDs in patients with HNF1B variations seems to be higher than in the general population, but the validity of the estimated prevalence must be deemed insufficient. This review shows that systematical research of NDDs in patients with HNF1B mutations or deletions is lacking. Further studies regarding neuropsychological characteristics of both groups are needed. NDDs might be a concomitant of HFN1B-related disease and should be considered in clinical routine and scientific reports.
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Introduction

Neurodevelopmental disorders (NDDs) are characterized by an impairment in cognition, communication, behavior and/or motor skills originating from abnormal brain development (1). According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (2), NDDs include, among others, attention deficit hyperactivity disorder (ADHD), autism spectrum disorder (ASD), intellectual disability, global developmental delay, developmental language disorder (DLD) as well as motor, learning and communication disorders (3). Although every NDD has distinct features, they share important characteristics: onset in childhood; rather steady course over lifespan; higher prevalence in males; significant overlap with other NDDs and a high heritability although multifactorial in etiology (3, 4).

One of the most common NDD is ADHD, with an estimated prevalence of 3.4% (95% CI: 2.6–4.5) in the general population (5). ADHD is characterized by inappropriate and impairing inattention, motor hyperactivity and impulsivity for the respective developmental level (6). Although much rarer, another prominent NDD is ASD (7). In 2010 the estimated global point prevalence was 1% (8). ASD is characterized by persistent deficits in communication, social interactions and restricted, repetitive patterns of behaviour, interests, or activities (2). Both, ASD and ADHD share high rates of comorbid intellectual disability (9): ADHD was diagnosed in 40%–70% of patients with ASD (10), and vice versa, ASD symptoms were found in 21% of patients with ADHD (11). Additionally, ASD and ADHD are often accompanied by other NDDs, such as intellectual disability (9, 12), language problems (13), global developmental delay (14) and motor disorder (15, 16). Although NDDs are highly heritable and various genes have been associated with them, distinct pathogenetic pathways have yet to be determined (17).

The gene HNF1B is also known as transcription factor 2 (TRF2) and early expression is seen in the kidney, liver, bile ducts, thymus, genital tract, pancreas, lung, and gut (18). Originally, variations in the hepatocyte nuclear factor-1 β (HNF-1β, OMIM 189907) have been discovered in patients with maturity-onset diabetes of the young (19), later it has been found to be one major cause of the renal cysts and diabetes syndrome [RCAD (20); OMIM 137920]. Now it is deemed a multi-system disorder, leading to end-stage kidney disease in a subset of patients, including extra-renal symptoms like pancreatic dysplasia, elevated liver enzymes and genital tract abnormalities (21–23).

Around half of the mutations of HNF1B consist of a whole-gene deletion (43%–64%) (24–26) This is caused in almost all cases by a microdeletion on chromosome 17q12, spanning a minimum of 1.4 Mb. In this review, whole gene deletions are therefore labeled 17q12 microdeletions (23, 24, 27). Both, mutations and17q12 microdeletions can arise de novo, present in around 50% of the cases (24, 25). In these cases, parents are generally genetically unaffected.

Considering the different kinds of genetic variations in HNF1B (17q12 microdeletions or intragenic mutations), no consistent genotype-phenotype correlation has so far been identified (25). Instead, phenotypes resulting from intragenic HNF1B mutations or 17q12 microdeletions are very heterogenic with a large intra- and interfamilial variability. This makes it likely, that the haploinsufficiency of HNF1B, meaning alterations of gene dosage, leads to the described multi-system disease (22, 28, 29).

From early on, a case report of patients with cognitive impairment emerged (30). Since then, there have been constantly new findings about the phenotype resulting from heterozygous mutations or whole-gene deletions of HNF1B (31–34).

Some conditions seem to be linked to 17q12 microdeletions rather than to intragenic mutations. This is the case for the Mayer-Rokitansky-Küster-Hauser syndrome (35, 36) but also NDDs, including intellectual disability (IQ < 70; ID), global developmental delay and ASD (37, 38). As there have also been reports about NDDs in patients with intragenic mutations (39), NDDs might not be exclusively linked to the 17q12 microdeletion. However, it is unknown whether the risk for NDDs differs significantly in patients with a 17q12 microdeletion from patients with an intragenic HNF1B mutation. Also, little systematical research exists so far to evaluate whether patients with variations in HNF1B have a higher risk for NDDs than the general population.


Research question

This review aims to answer the following research question: How high is the prevalence of NDDS in patients with 17q12 microdeletions and mutations of HNF1B and exceeds this prevalence the prevalence of NDDs in the general population? To answer this question, we will review findings obtained in original research. We will summarize the existing literature and investigate disease-related characteristics and the observed prevalence of NDDs in patients with a mutation of HNF1B and a 17q12 microdeletion, respectively. Further, we will compare the observed prevalence of NDDs in patients with a mutation of HNF1B and a 17q12 microdeletion with the prevalence of NDDs in the general population in the discussion section.




Methods


Literature search

A literature research was performed on PubMed, Cochrane library, Web of Science and EBSCO host (selecting the CINAHL, APA PsycInfo, APA PsycArticles and MEDLINE databases), using the keywords autis* OR psychiatr* OR mental OR cognitive OR neurodevelopment* OR neuropsychol* AND HNF1B OR HNF1β OR 17q12 deletion OR 17q12 microdeletion OR TCF-2 OR TCF2 (=Transcription Factor 2, synonym of HNF1B), focusing on the years 1997–2022. The exact search terms were adapted to the requirements of the respective search engine. A total of 174 search results were obtained (see Figure 1). After doublets were removed a total of 98 papers remained. Included were originally published papers in English, which described patients with an HNF1B variations for which also NDD were reported. 22 papers met these criteria, nine additional studies were identified via reference lists of relevant papers, therefore a total of 31 papers are reported in this review (see Appendix). The papers were reviewed by two researchers independently (F. D., C. M. N.) and in case of a contradictory decision, the paper was discussed with a third person (I. K.-B.).
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FIGURE 1
Flow chart of literature search.




Descriptive and statistical data analysis

The sample size, the number of cases with NDDs and percentages of NDDs in patients with a HNF1B mutation and 17q12 microdeletion were documented for every paper found (see Table 1). If obtainable, patient characteristics associated with their renal cystic disease were documented separately for patients with a 17q12 microdeletion or HNF1B mutation. To assess group differences for patients with a 17q12 microdeletion or HNF1B mutation regarding their illness-related characteristics, a χ2 test was calculated. If the expected counts in the contingency table were less than five, Fishers exact test was applied. The reported age in the studies was compared for the two groups using a Mann–Whitney-U-Test, as the requirements for a t-Test were not fulfilled. For every type of NDD, the observed prevalence was calculated. For that, the number of cases with a certain type of NDD, e.g., ASD was divided by the pooled sample size of studies investigating this type of NDD. Again, to assess group differences for patients with a 17q12 microdeletion or HNF1B mutation regarding the observed prevalence for different NDDs, a χ2 test was calculated. If the expected counts in the contingency table were less than 5, Fishers exact test was applied (see Table 2). To compare the risk for patients with 17q12 microdeletions and HNF1B mutations regarding NDDs, odd ratios for every study were calculated if the studies provided sufficient data. Odd ratios based on the pooled data for every NDD were calculated as well.


TABLE 1 Percentages of neurodevelopmental disorders (NDD) in studies reporting on NDDs in patients with 17q12 microdeletions and HNF1B mutations.
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TABLE 2 Types of NDDs in patients with a 17q12 microdeletion or mutation of HNF1B.
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Results

We will first qualitatively summarize the existing literature, then we will present the data analysis of the studies. We will summarize the 31 studies identified on NDDs in patients with variations in HNF1B and will divide this section in single case studies/case series and larger samples of patients.


Single case studies and case series

Several studies reported on patients with HNF1B variations in single case studies or case series. Considerably more case studies on patients with a 17q12 microdeletion (41, 42, 44–46, 48–50, 54, 58, 60) have been published than on patients with a mutation of HNF1B (40).

In the single case studies, all patients with a 17q12 microdeletion were reported to have some kind of NDD, including intellectual disability (41, 44, 48), ADHD (48, 58), or ASD (49). The patient in the single case study with a mutation of HNF1B was reported to have a learning disorder (40).

The case series presented either findings from sets of family members (30, 50, 60) or unrelated patients (45, 46, 55) referred for genetic testing. In the studies reporting on NDDs in family members, the observed prevalence of NDDs ranged from 20% (30) in patients with a mutation of HNF1B to 40% (50), and 100% respectively (47) in patients with a 17q12 microdeletion. In patients with a 17q12 microdeletion, cases of learning disorder, ASD, global developmental delay and motor disorder were observed (47, 50, 60), in patients with a mutation of HNF1B, a case of learning disorder was observed (30). In studies reporting on NDDs in unrelated patients, the observed prevalence of NDDs ranged from 66.7% (46) to 75% (45) in patients with a 17q12 microdeletion. In patients with a 17q12 microdeletion, cases of ASD, intellectual disability, learning disorder, developmental language disorder, motor disorder and epilepsy were observed (45, 46, 55). None of the case series in unrelated patients reported on NDDs in patients with a mutation of HNF1B.



Studies with larger sample sizes

Three studies tested for variations in HNF1B in larger samples of patients with pathogenic kidney phenotypes (25, 38) and diabetes (43). In these samples, patients with a 17q12 microdeletion mostly presented with intellectual disability, with a prevalence ranging from 2.4% to 25% (25, 38, 43). In patients with a mutation of HNF1B, no NDD was found. Two study tested for variations in HNF1B in a large sample of patients referred to genetic testing because of a NDD (34, 37). All patients had a 17q12 microdeletion and presented mostly with developmental language disorder (0.6% (34)–67% (37)), motor disorder (33% (34)–78% (37)) and learning disorder (11% (37)–58% (34)). The reported prevalence for ASD ranged from 8% (34) to 44% (37)).

Two studies followed up cases with 17q12 microdeletions which were detected prenatally (51, 56). While one study describes just one case with motor disorder and comorbid developmental language disorder (56), the other study describes NDDs in all four patients, three with ASD and one with motor disorder (51).

Two studies concentrated on the intellectual abilities of patients with variations in HNF1B (32, 53). In patients with a 17q12 microdeletion, they found a prevalence of 17% (53) for intellectual disability, the prevalence for learning disorders ranged from 13% (32) to 26% (53). In patients with a mutation of HNF1B, the prevalence for intellectual disability was 11% (53), the reported prevalence for learning disorder ranged from 4% (32) to 11% (53).

Three studies specifically focused on the occurrence of NDDs in patients with HNF1B variations and differences between patients with deletions and mutations in HNF1B (27, 31, 33). Patients with a 17q12 microdeletion presented mostly with learning disorder (23% (27)—30% (31)) and ASD (4% (27)–20% (31)). Only one study found NDDs in patients with a mutation of HNF1B (27), two patients were reported to have learning disorder (15%).

Four studies targeted somatic features of the disease and report NDDs as a secondary aspect (39, 52, 57, 59.) In patients with a 17q12 microdeletion the following NDDs were found: intellectual disability [6% (39)], ASD [5% (52)], global developmental delay (5% (52)–50% (59)), ADHD [17% (57)] and ASD [5% (52)]. Two studies reported on NDDs in patients with a mutation of HNF1B (39, 57), here, patients presented mostly with intellectual disability (13% (57)–18% (39)).



Descriptive and statistical data analysis

A total of 31 studies was identified, comprising 695 patients with variations in the HNF1B gene, among these 416 patients with a 17q12 microdeletion and 279 patients with a mutation of HNF1B. The focus of each paper and the observed prevalence of NDDs in each HNF1B deletion/mutation sample is summarized in Table 1. Of the 416 patients with a deletion, 105 (25%) were reported to have any NDD. Of the 279 patients with a mutation, 19 (7%) had any NDD.

A total of 97 case descriptions of HNF1B-related kidney disease in combination with a NDD on an individual level were available in 29 papers. The remaining two papers did not offer information on an individual level (27, 32). The characteristics and clinical phenotypes of patients with deletions or mutations, respectively, are reported in Table 2. Patients with a 17q12 microdeletion differed from patients with a mutation regarding age (p = .004), kidney abnormalities (p = .018) and diabetes (p = .015). Patients with a mutation were older and suffered from kidney abnormalities/failures and diabetes more frequently.

The observed prevalence for different type of NDDs was calculated for patients with a 17q12 microdeletion or mutation separately (see Table 3). Patients with a 17q12 microdeletion differed from patients with a mutation regarding the observed prevalence of any NDD (p = .001) and learning disorder (p = .001). Compared to patients with a mutation, patients with a 17q12 microdeletion had a higher prevalence for any NDD and specifically learning disorder. We were not able to compare the observed prevalence of ADHD and ASD because of small sample sizes.


TABLE 3 Characteristics of patients with NDDs.
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If sufficient data was presented in an original study, odd rations were computed. Despite of the descriptive differences, none of the studies showed a significant difference between patients with a 17q12 microdeletion and a mutation of HNF1B with regard to NDDs (OR = 5.6, 95% CI [0.5 63.28] (39); OR = 0.8, 95% CI [0.1 4.6] (27); OR = 0.1, 95% CI [0.03 0.2] (53); OR = 0.3, 95% CI [0.1 1.2] (32); OR = 1.7, 95% CI [0.1 24.3]).



Comparing the prevalence of NDDs in patients with HNF1B variations to the prevalence of NDDs in the general population

A recent study shows that up to 17.3% of children and adolescents between 3 and 17 years in the United States of America are affected by NDDs (61). Accordingly, the observed prevalence of NDDs is slightly higher in patients with deletions of HNF1B and lower in patience with mutations than in the general population. As stated by the DSM-5 (2), the prevalence for intellectual disability is 1%, for learning disorder 5%–15% in school children and 4% in adults, for motor disorder 5%–6% in children (5–11 years), for ASD 1%, ADHD 5% in children and 2.5% in adults. The prevalence for global developmental delay ranges from 1% to 3% in children (62), the prevalence for developmental language disorder is 7.5% (63) and for epilepsy 0.76% (64). So far, the observed prevalence of the above named NDDs in patients with deletions of HNF1B (25.2%) as well as mutations of HNF1B (6.8%) appears to exceed the reported prevalence in the general population.




Discussion


Summary of findings

This review had the purpose to summarize and compare the NDDs that have been reported for patients with a 17q12 microdeletion or intragenic mutation of HNF1B regarding the frequency and type of NDDs. The analysis of the 31 studies showed that NDDs have so far been reported considerably more often in patients with a 17q12 microdeletion compared to patients with an intragenic mutation of HNF1B (25% vs. 7%). Statistically, patients with deletions were more likely to present with NDD as well as learning disorder than patients with mutations. In contrast, patients with mutations presented with diabetes and kidney abnormalities/failure more frequently which seemed to be related to their higher age.

Patients with a 17q12 microdeletion seem to suffer from a wider variety of NDDs than patients with a mutation: patients with a 17q12 microdeletion presented with intellectual disability, learning disorder, global developmental delay, developmental language disorder, motor disorder; ASD, ADHD, epilepsy and/or autistic features (although formally not a NDD), while patients with a mutation presented only with intellectual disability, learning disorder, developmental language disorder, ADHD and/or epilepsy.



Mechanisms linking NDDs to HNF1B variations

So far, no mechanism has been determined that leads to the differences in the phenotype regarding NDDs of the two carrier groups of HNF1B alterations. A possible influence of HNF1B on the development of the hindbrain has been observed in mice and zebrafish models (65, 66), but not in humans yet. As NDDs have also been found in patients with a HNF1B mutation, the haploinsufficiency as one risk factor for NDDs can still be regarded as a possible cause. Nevertheless, other genes in the deleted region have also been suggested to play a role in the NDDs that can be observed in patients with 17q12 microdeletions. These include the gene LHX1 (37, 48, 60), which has been shown to be crucial for the migration of interneurons originating in the pre-optic area during embryonic cortical development (67). Two other genes, PIGW and PCGF2, are also hypothesized to be candidates for NDDs (55, 60) as genetic variations of those two genes have been linked with developmental delay and/or epilepsy (68–70) In addition, Laffargue et al. (27) suggested that an interaction between HNF1B and other transcription factors like homeobox protein Hox-A1 could cause NDD, as an interaction of those two transcription factors has been found during mural hindbrain development (71). Additional or synergistic effects due to “second-site” CNVs on top of a primary genomic rearrangement have been found for other genomic disorders (e.g., 16p11.2 duplication) and are also possible to play are role for 17q12 microdeletions. In a large cohort of children with syndromic ID and congenital abnormalities, 10% of the children carried a secondary CNVs (72). These effects could influence neurodevelopmental pathways and the disease outcome, e.g., the phenotype and severity of the disease, contributing to the additional NDDs.



Validity of estimations

Percentages of reported frequency of NDD in patients with HNF1B gene variations (i.e., 2.4%–100%) vary greatly; i.e., for patients with a mutation from 0% to 18.2% and for patients with a 17q12microdeletion from 2.4% to 100%. This might be due to the characteristics of the particular study. For instance, percentages tended to be higher, the smaller the samples were (e.g., n = 4, 100% in (51) or n = 5, 40% in (43)) or the more detailed the patients were described (34); n = 12; 75%). Papers who did not focus on psychological aspects tended to report a lower percentage of NDDs [e.g., (25); n = 42 patients with a 17q12microdeletion, 2.4%] as well as papers with bigger samples and reduced psychological assessment [e.g., (32); n = 110 with a deletion; 14%]. Overall, this points to the existence of a publication bias and limits the validity of the prevalence estimations.

When comparing the prevalence of NDDs in patients with HNF1B variations to the prevalence of NDDs in the general population, it strikes as odd that the prevalence of NDDs in patients with a mutation of HNF1B should be lower than in the general population. A reason for this low prevalence estimation of NDDs in patients with mutation might be a sampling bias. And the true prevalence might be higher.

The validity of the prevalence estimations are also limited by insufficient information regarding the diagnostic of NDDs in the reviewed studies. Only in three studies all participants underwent a standardized intelligence test (44, 47, 49), in six studies either only subgroups were assessed or information about the assessment was missing, e.g., name of the test (27, 37, 53–55, 58). Of 11 studies reporting on ASD cases, only three studies described the use of any diagnostic tool (27, 33, 37) and only for one patient with ASD (37) the diagnosis was assigned according to the NICE guidelines (73). Although comorbid NDDs or mental disorders were often reported, information whether comorbidities were routinely assessed were missing in the reviewed studies. However, the assessment of comorbid disorders is central for the diagnosis of ASD (73).

Further, the studies did not report the use of appropriate assessment tools for any NDDs, like standardized interviews (74, 75). Instead, information on the diagnostic process were missing or special education needs as indicators for NDDs, especially learning disorder were used (32, 34). Although, special education needs point to the existence of a NDD, they are not a valid diagnostic tool.

Overall, sample sizes were small. Only seven studies had a sample size above 30 patients (see Table 1) and only four studies investigated group differences based on inferential statistics (27, 31, 32, 53).

Overall, the small sample sizes and the quality of studies, especially regarding the diagnosis of NDDs make it impossible to draw valid conclusions about prevalence ratings in samples with HNF1B variations just yet.




Limitations

One large obstacle is the sparsity of HNF1B-associated disorders. Population based studies estimate a prevalence for 17q12 microdeletion of approximately 0.023%–0.025% (76, 77). In samples of patients with kidney abnormalities, HNF1B alterations can be found in about 5%–31% depending on the specific sample characteristics (22). The number of patients who present with an additional NDD is therefore even more limited. This reflects in the lack of good-quality studies with large, matched samples regarding age, sex and factors regarding kidney disease and diabetes.

As for a long time HNF1B-related kidney disease was regarded as primarily a physical disease, some papers report NDDs only as a “side note”. This might influence this review in several ways: In larger samples, NDDs as well as mild psychological symptoms or impairments might have easily been overlooked leading to possibly underestimated numbers. On the other hand, a publication bias might have led to an overestimation of NDDs in patients with HNF1B alterations.

Lastly, regarding the comparison of studied that focused on NDDs in particular, differences in the sensitivity of criteria for NDD (e.g., neuropsychological assessments vs. special education needs; learning disability vs. learning difficulties) and therefore differences in the percentages of NDD make it hard to compare these studies (27, 31, 32).



Conclusion

This review shows that NDDs are frequently found in patients with HNF1B variations. It seems that they are more common in patients with 17q12 microdeletion than in patients with mutation of HNF1B. The observed prevalence for NDDs, including ASD was found to be higher patients with 17q12 microdeletion than in the general population but the validity of the prevalence estimates are limited by the insufficient quality of the studies.

A first step to enhance data quality includes considering NDDs as a further possible symptom of patients with a deletion. This should include consistent reporting of existence or absence of NDDs in scientific papers as well as considering possible impairments during the clinical routine. Further studies will be needed to evaluate the neuropsychological profiles of patients with a 17q12 microdeletion or mutation of HNF1B, including matched samples and a significant sample size for statistical comparison.

If a standardized assessment of symptoms of NDD would be integrated in the clinical routine of patients with HNF1B variations, especially in patients with deletions of HNF1B, access to valuable treatment options could be facilitated and subsequently, the quality of life of patients and their families could be enhanced.

The authors are part of the NEOCYST consortium (www.neocyst.de/en/), a multicenter, interdisciplinary network of clinicians and scientists exploring early onset cystic kidney diseases and undertake a research project to assess neuropsychological symptoms in patients with HNF1B variations and other cystic kidney diseases.
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Appendix A

A literature research was performed on PubMed, Cochrane library, Web of Science and EBSCO host (selecting the CINAHL, APA PsycInfo, APA PsycArticles and MEDLINE databases), using the keywords autis* OR psychiatr* OR mental OR cognitive OR neurodevelopment* OR neuropsychol* AND HNF1B OR HNF1? OR 17q12 deletion OR 17q12 microdeletion OR TCF-2 OR TCF2 (= Transcription Factor 2, synonym of HNF1B), focusing on the years 1997-2022.  The exact search terms were adapted to the requirements of the respective search engine. A total of 174 search results were obtained. After doublets were removed a total of 98 papers remained. Included were originally published papers in English, which described patients with an HNF1B variations for which also NDD were reported. 22 papers met these criteria, nine additional studies were identified via reference lists of relevant papers therefore a total of 31 papers are reported in this review (see Figure 1).  The papers were reviewed by two research independently (F. D., C. M. N.) and in case of a contradictory decision, the paper was discussed with a third person (I. K.-B.).
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