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/ RESULTS \

/ ABSTRACT \

Visualization of fluorescentlylabeledcellular structureswithin tissuesand organsis of
great importancein the analysisof health and diseasestates Traditional histology and
confocal imaging of whole organsis commonly limited by either incomplete laser
penetranceof opaquetissue, and/or distorted 3D-reconstructionsvhen organsmust be
sectionedorior to imaging Recentlytherehasbeenincreasednterestin the useof organic
solventsto clear whole organssuch that the refractive indices of the tissue are greatly
reduced,and high resolution, 3D-imaging of fluorescently labeled structuresmay be
achievedthroughout It is to this end we soughtto determinesuitable conditions for
clearingwhole mousekidneysandsubsequentlpbservethe spatiotemporalocalizationof
Pal in mice with autosomaldominantpolycystic kidney diseasg ADPKD). Pai6, along
with PaB andatypical proteinkinaseC, composeshe Parcomplexthatis a modulatorof
kinase and G protein activity in apicatbasal polarization of epithelial cells This Par
complexis found at the apical surfaceof tubule epithelia Adapting such methodsas
IDISCO, we developed protocolinvolving organpretreatmentvith methanoldehydration,
Immunolabeling,and clearing with benzyl alcohol benzyl benzoate(BABB) in which
fluorescenceof stainedtubule lumenswas preservedHigh-resolutionimagesof control
mice kidneys were obtained via confocal microscopy Using this method, global
visualization of luminal changesthat occur during ADPKD may be achievedin future
study Optimizationof this whole-mount protocol may also provide an imaging tool for
examiningothercellularstructuresn healthyanddiseasedidneys

INTRODUCTION

A mammaliannephronconsistsof an epithelialtubule that is composef a

monolayer of cells surrounding a central lumen In development,

tubulogenesiss highly dependenbn the asymmetricorchestratiorof polarity-
orotein complexesand vesiculartrafficking within tubularcells in the apical
pasaland planardirections! Theseand other proteinscommunicatethrough
proteinproteininteractionssignalingmechanismsandvesiculartrafficking to
establish polarity within the cell. This directionality also regulatesthe
orientation of the nucleus and centrosome,lending spatial cues to cell
division.?

ADPKD is the most commonform of the renal cystic kidney diseases

causeddy mutationin Pkdl or Pkd2. In diseasedubuleepithelia,apicatbasal
polarity is lost and thereis an increaseof lumen diameter This, along with

Increasedsecretionof chloride ions, sodium ions, and water, is the major
nallmark of cyst formation in ADPKD. The causeandeffect relationship
petween apicatbasal polarity and cyst formation remains unknown

mportantly,we do not know If luminal discontinuitiesexistandwhetherthis
contributedo cystformation
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Fig. 1. Polarity complexes in a renal tubular
epithelial cell.

Adapted from Marciano (2016).

whole-mount mouse Kidneys

/// METHODS \\\

Threetrials of clearingwere conductedwith the intent of examining 1) the
effectsof fixation and methanoldehydrationupon conservationof structure
and antibodystainingdepth,2) the effectsof different clearingsolutionsand
antibodyconcentrations/incubaticitimesupon clarity and stainingdepth,and
3) the effects of further increasesin permeabilizationtime and antibody
concentration/incubationmes Eachtrial followed the procedureseenin Fig.
2.

Trial 1: A BABB BasedProtocol

» lect Fixation and sample pretreatment. PO control kidneyswere obtained
Ki ney.Co .ectlon and fixed in either DMSO:methanol (1:4) for 1 hr at 4AC, or 4%
& Fixation PFA/PBSfor 1-2 hr atroomtemperaturdRT) or 44C.
4
Immunolabeling. Sampleswere permeabilizedin TBST and blocked
& Sampleswere incubatedwith primary antibody at 4AC for 2 days
_g Sampleswere washedin TBST and secondaryantibody addedat 4AC
~l¢ D overnight(o/n).
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rfs' Tissue Clearing. Sampleswere clearedwith benzyl alcohol : benzyl
¥ 0 benzoaté1:2) o/nat4/C.
3
\ﬁ = Imaging. A well of dental cementconstructedand filled with BABB.
_J Samples were analyzed with a Zeiss LSM 510 META confocal
microscope(Figure 3).
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Solvent Clearing J » 2 Fixation and sample pretreatment. All PO kidney sampleswere fixed

4% PFA/PBSat 4AC o/n.

Immunolabeling. Samplesvere permeabilized/n in 20% DMSO/0.3M
glycine/PBSTat 37AC, then blocked at 37AC for 1 day. Sampleswere
washedn 0.2% Tween20/10ug/mL heparin/PBSPTwH) andincubated
with primary antibodyfor 2 daysandsecondanantibodyfor 3 days
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Fig. 2. Workflow in a
general clearing protocol.

*Bleaching was only
performed in Trial 2 & 3.

Tissueclearing. Samplesverewashedn PBSanddehydrated/cleareais
abovein BABB.

Imaging. Samplesvere mountedin 3D-printedchambersandimagedas
before(Figure 4)
\_ /
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Trial 3: A Modified iIDisco Protocol

Trial 3 was performedin the same manneras Trial 2 with slight
modification Samplesverepermeabilizedor 1 or 2 days Sampleswvere
incubatedin primary and secondaryantibodyvolumesof 1 mL, double

thatof trial 2.
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Fig. 4. A 3D-printed imaging chamber. (A) Transparent PO kidney.
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Fig. 5. Immunofluorescence staining of lumens in PO murine, whaole
mount (control) kidneys under different fixative conditions.

Fig. 6. Depth of luminal staining in 3 dimensions(B) Plane of view in
the Zaxis of A. The field of view progresses externally to internally4h C

Threedimensional Imaging of immunostained tubule lumens In solvearieared,
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Fig. 7. Depth of antibody penetration in whole mounts and a vibratome section|

CONCLUSIONS

A Longer fixation times in 4% PFA/PBS at room temperatureyielded greater
Imagequality, but causecda lower antibodystainingdepth Methanoldehydration
allowedantibodyto penetrat@leepeinto thekidney

A The adaptediDISCO protocol preservedfluorescentsignal well. The sample
Intended for THF clearing was lost, therefore no evidence of its
advantages/disadvantageser BABB was gathered BABB clearing worked
well to makethekidneytransparent

A Increasingthe antibody concentrationgreatly increasedthe fluorescentsignal

nenetratiomrelativeto Trial 1.

A Permeabilizationin 0.3M glycine for 2 days yielded a stronger signal and
Increasinghe antibodyconcentratiordurtherdid soaswell. However,stainingin
the medullawasstill notasstrongwhencomparedo thesignalin the cortex

A Stainingof Pal in the medullawas strongwhen seenin vibratomesections,
Indicating that antibody penetrance/clearings not yet optimized for whole
mounts
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