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Introduction
HNF1B-MODY is rare autosomal dominant genetic diabetes syndrome with wide range of
comorbidities from which polycystic kidney disease is the most typical representation. Kidney
abnormalities in patients with HNF1B mutation range from renal cysts, familial hypoplastic
glomerulocystic kidney disease, renal malformations (i.e. single or horseshoe kidney) to atypical
nephropathy. Insulin-dependent diabetes develops in early age (median 20 years) in 29% of cases
of patients with mutations (Edghill, et al. 2006). Additionally to kidney abnormalities and
diabetes HNF1B-MODY syndrome is characterized by great phenotypic variability that includes:
neurological features, abnormal liver function, pancreatic hypoplasia, genital tract malformation,
hypomagnesaemia, hyperuricaemia, early-onset gout (Clissold, et al. 2015) or pectus excavatum
(Dubois-Laforgue, et al. 2014). Considering the broad range of the affect organs. HNF1B-MODY
syndrome is considered as a systematic disease rather than a single tissue abnormality.
A different genetic disorder resulting in polycystic kidney disease is Autosomal Dominant
Polycystic Kidney Disease. Previous molecular studies showed the link between ADPKD and
activation of mTOR pathway which is responsible for cell proliferation. Animals study showed
that mTOR inhibitor has an ability to slow down disease progression (Ravichandran et al.,
2015). That is why mTOR inhibitor – everolimus was investigated in human clinical trials as an
agent which could stop/slow down further cysts formation and prevent/delay need for kidney
transplant in ADPKD. Results of everolimus treatment are not impressive, but a moderate
slowing of kidney volume increase and decline of eGFR in ADPKD can be achieved with this
treatment (Waltz et al., 2010; Serra et al., 2010). Several reports suggest that commonly used
dose of everolimus may be suboptimal (Grantham et al., 2011) and that a longer follow-up
needed to fully evaluate the treatment effects (Levey et al., 2011) so in the future we may
expect further studies on this treatement.
Thus, we wanted to check if in cell line culture of kidney cells (HEK293) with silenced HNF1B
gene we could observe a dysregulation of mTOR pathway suggesting that a potential treatment
with everolimus may also benefit patients with HNF1B-related renal cysts.
1. mTOR signaling in kidney cell with silenced HNF1B
Aim: Evaluate the activation of mTOR pathway in cells with disrubted function of HNF1B
gene
Supervisors: Justyna Janikiewicz, Agniesza Dobrzyń, Wojciech Fendler
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We silenced the expression of the HNF1B gene using two different siRNAs (Figure 1). Both
reagents affected the level og Hnf1b protein, however only first one decreased the level of
Hnf1b protein significantly versus the scrambled RNA negative control.

Figure 1 – Level of Hnf1b protein in HEK293 cells with silenced of HNF1B gene with two
different siRNA
Afterwards, we measured activation of mTOR signaling pathway by assessing the level mTOR
protein, phosphorylated mTOR protein (pmTOR) and level of its down-stream effector
ribosomal S6 kinase (both in total and phosphorylated form) (Figure 2).

Figure 2 – Levels of phospho and total mTOR protein and phospho and total S6K protein.
Even though, the total level of mTOR and S6K protein seemed unaltered by silencing of
Hnf1b, their ratios of phosphorylated form (activated) to total protein amount decreased
significantly in Hnf1b-silenced samples. Those results suggest that mTOR signaling pathway is
not up-regulated in kidney cells with abnormal function of HNF1B gene, suggesting that
mTOR pathway is not a likely culprit of cyst formation in the HNF1B-MODY syndrome.
However, the relatively low expression of Hn1b in HEK293 cells versus real kidney (Figure 3
A and B), necessitates further validation to exclude the role of mTOR pathway completely in
vivo.
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Figure 3 - Expression of HNF1B gene in different cell cultures (A) and within different organs
(B). Data from the Human Protein Atlas (Uhlen et al., 2015)
Our research team conducted a nationwide genetic screening program for monogenic forms
of diabetes in children (Malachowska, et al. 2017).
Using this data, we were able to genetically
confirm HNF1B-MODY syndrome in 9 families in
the Polish population. This enabled us to perform
microRNA profiling (Fendler, et al. 2016) and
metabolomics fingerprinting in order to better
understand spectrum of abnormalities caused by
dysfunction of HNF1B gene.
In our preliminary studies we identified three
forms of lysophosphatidic acid (LysoPA 18:1,
LysoPA 18:2 and LysoPA 20:4) to be significantly
elevated above the levels observed in healthy
controls, patients with type 1 diabetes or other
monogenic types.
LPA is a highly bioactive phospholipid which
Figure 4 – Autotaxin-lysophosphatidic
serum
concentration depends mostly on activity of
acid receptor signaling axis. (Harald M.
an enzyme called autotaxin (Tanaka, et al. 2006)
H. G. Albers et al. 2010)
(Figure 4). In our validation cohort comprising (10
patients with HNF1B-MODY, 5 children with renal cysts and diabetes without mutation in
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HNF1B gene, 11 patients with HNF1A-MODY and 17 healthy controls matched by sex and age
to HNF1B-MODY group) we measured concentration of lysophosphatidic acid and autotaxin
(ATX) by enzyme-linked immunosorbent assay. Even though, we were able to confirm elevated
level of LPA specifically among HNF1B-MODY patients, autotaxin levels were not elevated.
This indicated that a pathway independent of plasma autotaxin is responsible for elevated
level of LPA observed in HNF1B-MODY patients. This urged us to investigate intracellular LPA
synthesis machinery and its dependence on HNF1B-dependent regulation.
As liver is the main organ responsible for metabolism of LPA (Salous, et al. 2013) and liver
abnormalities are observed in HNF1B-MODY syndrome we performed experiments on HepG2
cell lines with siRNA depleted HNF1B (Figure 5).

Figure 5 - ENPP2 gene (autotaxin protein) expression levels in kidney (A) and liver cells (B) with
silenced HNF1B gene
Expression of ENPP2 gene coding autotaxin protein was significantly down-regulated in liver
cells with silenced HNF1B gene. A similar pattern of change was observed within HEK293
cells however differences did not reached statistical significance. To investigate the whole
ensemble of LPA-metabolizing enzymes in the intracellular milieu we checked the expression
pattern of genes associated with LPA production and degradation (Figure 7). We did not
observe an up-regulation of LPA producing genes in HNF1B-deficient liver cells (p=0.2202)
but instead observed and up-regulation of genes associated with LPA degradation pathways
(p=0.02221). Thus, we inferred that liver was not responsible for elevated level of LPA in sera
of HNF1B-MODY patients but was actively counteracting heightened concentrations of this
metabolite.
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Figure 8 - Enrichment map analysis of gene sets
deregulated by collaboration of silencing of HNF1B
and LPA stimulation

Figure 7 - Gene-set enrichment analysis of genes producing (a) and degrading (B) LPA in liver
cells with silenced HNF1B gene
Then, in order to confirm whether the
upregulated LPA-degradation pathways were
indeed due to extracellular influx of LPA we
evaluated the effect of LPA stimulation on the
transcriptomic profile of liver cells with silenced
HNF1B gene. In gene-set enrichment analysis, we
noted down-regulation of: glucose transport, lipid
metabolism
and
aminoacid
metabolism.
Interesting one of two up-regulated pathway was:
Wnt signaling.
However, we still did not found the source of
elevated serum LPA among our patients. Thus, we
switched to another putative tissue that could be
associated with LPA production - adipose tissue
(Figure 9), We planned an experiment on adipocytes
usage of HNF1B siRNA in order to check if
disruption of Hnf1b function may cause adipose Figure 8 - Enrichment map analysis of gene sets
cells to produce more LPA than in normally.
deregulated by collaboration of silencing of HNF1B
and LPA stimulation
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Figure 9 – Adipocytes and cancer cells as a source of
elevated level of serum LPA (by Pages et al. 2001)

2. Differentiation of 3T3 cells into adipose cells
Supervisors: Justyna Janikiewicz, Agnieszka Dobrzyń
Aim: To create a stable adipose cell line for further studies on HNF1B
We used below-mentioned protocol in order to differentiated 3T3-L1 cells into adipocytes.
The 3T3-L1 preadipocyte cell line was grown in DMEM with 10% calf serum, 1% L-glutamine,
and 1% pen/strep at 37 °C in 5% CO2. For differentiation, 2-day post-confluent cells were
incubated for 72 h in DMEM with 10% fetal bovine serum (FBS), antibiotics, and a
differentiation cocktail that consisted of methylisobutylxanthine (115 μg/ml), dexamethasone
(390 ng/ml), and insulin (10 μg/ml). After 72 h, the cells were maintained in DMEM with 10%
FBS, L-glutamine, insulin, and antibiotics only (without dexamethasone). On day 6 of
differentiation, the medium was replaced with DMEM with 10% FBS, L-glutamine, and
antibiotics, and 3T3-L1 cells were further cultured for 2 days to achieve a phenotype with fully
differentiated adipocytes (Figure 10).
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Figure 10 - 3T3-L1 cells before and after differentiation to adipocytes

We measured the level of Hnf1b and autotaxin protein expression in obtained cells (Figure 10)
and we found that its high enough for further silencing experiment.

Figure 11 - Expression level of autotaxin and Hnf1b protein in 3t3-L1 cells differentiated into
adipocytes.
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3. Silencing of HNF1B gene in adipose cells and disturbing beta-catenin
degradation complex within cells with silenced HNF1B gene
As we found up-regulation of Wnt/beta-catenin pathway within cells with silenced HNF1B we
wondered if this could be a pathway via which dysregulation of HNF1B may lead to
overproduction of LPA by adipose cells. Thus, we would like to evaluate the effect of HNF1B
gene silencing on LPA production by adipose cells with and without a functional beta-catenin
degradation complex (Figure 12 AB). We planned four groups: siHNF1B (pure effect of HNF1B
silencing), NegSiRNA (transfection control), NegSiRNA with block of beta-catenin degradation
complex (activation Wnt/beta-catenin pathway), siHNF1B with block of beta-catenin
degradation complex. In order to achieve higher purity of proteins and mRNA for further studies
we will perform separate experiments for each isolations protocols.
Those experiments are currently on-going and their results should be available in next months.
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Figure 12 - Flowchart of adipose cells experiment
Funding: Preliminary analysis were financed by PRELUDIUM grant from National Science
Centre Poland granted to Beata Malachowska. 3T3-L1 and HEK293 cell lines experiments were
financed by ISPAD Research Fellowship.
Publication plans: the results are planned to be presented during ISPAD Annual Conference
2018 and ADA Congress 2019. Manuscript summarizing the results of the project is scheduled
to be written at the beginning of 2019.

4. Learning of specific techniques
A.
B.
C.
D.
E.

Western blot techniques
Gene expression measurements (qPCR) technique
Cell cultures protocols
3t3-L1 cell lines differentiation protocol
Transfection protocols
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