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* Drosophila to model complex human renal
physiology.

* Decipher conserved mechanisms of renal cyst
formation and polycystic kidney disease.

* Drug discovery.
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Fruit flies display streamlined versions of human
organs and conserved gene regulation
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* 75% conservation of genes and pathways.



Modeling renal function in the fly
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Fly models of renal disease and development
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The Bicaudal C (BicC) gene is involved in
embryonic patterning and renal function
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BicC is a conserved RNA binding protein with
germline functions
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https://wellcomecollection.org/works/s6cws2xv

BicC mutant flies develop PKD-like renal cysts




BicC mutant flies display cystic Malpighian tubules

Gamberi C., Hipfner D. R., Trudel M., Lubell W. D. 2017. PLOS Genetics, 2017 13(4):e1006694.



Cyst number increases over time
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Polycystic kidney disease

 ADPKD (autosomal dominant PKD): 12.5 million
people affected, PKD1, PKDZ2, possible high
frequency of spontaneous mutations.

* PKD1 > polycystin (PC) 1, GPCR.

° PKD2 > p0|ycyStIn 2’ non_selectlve Ca++ Channel, © MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED
TRPP2 family.

e BicC?

* ARPKD (autosomal recessive PKD): PKHD1.

 PKHD1 > fibrocystin, transmembrane receptor.
* BicC?

What is a cyst?
What causes cysts? AGE (days)
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Multiple signaling pathways are altered in PKD, unknown
mechanisms | _ e
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Wolfgang Kiihn and Gerd Walz “The molecular basis of ciliopathies and cyst formation “ Oxford Textbook of Clinical Nephrology (4 ed.) 12

Downloaded from Oxford Medicine Online.Reproduced from Torres and Harris. Kidney Int, 2009; 76(2): 149-68.
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PKD tissue displays reduced BicC function
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Decreased BICC1 mRNA in cystic tissue of PKD patients
(p=0.0196).
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% survival

Shorter life span of BicC mutant flies
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Gamberi C., Hipfner D. R., Trudel M., Lubell W. D. 2017. PLOS Genetics, 2017 13(4):e1006694.
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BicC mutant flies display
impaired renal function
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BicC mutants display impaired renal

function
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Comparative transcriptomics highlights key physiological
changes in the BicC Malpighian tubules
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Multiple signaling pathways are altered in PKD, unknown
mechanisms
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BicC associates with myc mRNA in the renal tubules
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Excess Myc protein in BicC mutants
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TOR pathway activation in BicC mutants
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Temporary rescue by rapamycin
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Multiple signaling pathways are altered in PKD, unknown
mechanisms

EGF PC1 Increased in PKD
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Transcriptomics of the BicC fly renal tubule highlights
genome-wide changes of gene expression
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Fulton D., Geoffrion N., and Gamberi C.



Ongoing genetic modifier screen to
decipher the BicC network

* Drosophila Genetic Reference
Panel (DGRP1, Mackay group,
Clemson U.)

e Qver 2.5 million natural variants
in 205 lines.

* Cystic phenotypes.
* Found ovarian phenotypes as well.

* Partially overlapping candidate lists.




Fly pharmacology
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Cyst reduction in a PKD Drosophila model using Smac

mimics Ir ZA‘ )\~N20
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Cyst reduction and regional specificity of Smac mimics

Anterior tubule

Mimic 2

Posterior tubule

Cassandra
Millet-Boureima

Post. Term.

-32%
2—32%
3—-21%
4-51%

Ant. Term.

—40%
2—=37%
3—-11%
4—-38%

N

Post. Interm.

-41%
2—27%
3—-10%
4—-22%

Ant. Interm.
—48%
2—-41%
3—-9%
4-42%

25 25
p=0.0002
o pf0.0001 56 **
wv
‘i 15 sse p=0.2285
=0.0011 =0.6317 e =0.0002
i~ P e p=0.0005 . . B
(@] ° ®
10 .
+H eece ° ° .
5— pd 53 VIV % L] L ] q
0 oy T T |
& Vv < & % \Q, ™
5 R x : RARE RS
& SRS RS
4

Millet-Boureima C., Chingle R., Lubell W.D., and Gamberi C. 2019. Biomedicines. 7(4), 82; doi:10.3390/biomedicines7040082.
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Cyst reduction by melatonin
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Three Novel Cyst Reducnng Compounds b ?

%, V4
Jlﬁ'ﬂ Jamieso&ﬁrolin nis

N Sha
Airk.McSweeM

Vehicle [fge.4

: | .: st
~p o/ % cyst= 100 % cyst= 51.74
et : p-value= ---- p-value=0.0099368

n=72 | n=44
% cyst= 24.40 % cyst=21.45
p -value= 8.95E-01 | p-value= 1.66E-06

MT-76 ES .\

1 £




Conclusions

* BicC mutant flies display PKD-like features.

myc RNA and TOR pathway upregulation.
Several pathways contribute to cyst formation in the BicC mutant.
Pharmacological response to rapamycin and Smac mimicry.

* The BicC model can give insight:

Core conserved mechanisms of renal cyst formation
* (Molecular) genetics.
Chemical probing and drug discovery (fly pharmacology)
* Rapamycin, Smac mimics (PoC), melatonin, MT compounds.
Genome-wide changes linked to renal cyst formation.
Genetic modifiers of the cystic phenotype.
Environmental modifiers of the cystic phenotype (e.g., microbiome, pollutants).
BicC tissue-specific function.
(Evolutionary conservation of) translational regulation.
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Drug administration and “patient” compliance

* When drug is administered
orally, it is mixed with an
attractant (food, sugar) and a
dye.

Gamberi C., Hipfner D. R., Trudel M., Lubell W. D. 2017. PLOS Genetics, 2017 13(4):e1006694.
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Cyst reduction using Smac mimics
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Simple cellular composition of the fly renal

(Malpighian) tubule
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Studying complex Biology in flies
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Cyst distribution hints at physiological consequences

cyst distribution
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» W
& ¢
X V\N\ ((\\\ *(7’% AN ((\*
B 8 .\c% ?‘67

1 2 3 4 5 6

3 n=3%.§64
— |
S
L0
315
. I
0.5 -
= i wm N
A ek a“'*‘ IO
«\\lé o \’5“’(' -\cdc @“
\)P*S-; Q;«'._,7((\
V)

38

Gamberi C., Hipfner D. R., Trudel M., Lubell W. D. 2017. PLOS Genetics, 2017 13(4):e1006694.



mycfVA rescue in BicC
Malpighian tubules
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