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Abstract
Pancreatic islets primarily involved in regulating blood glucose homeostasis are the key focus of diabetes
study and miRNA-mediated molecular regulation. Whole mount in situ hybridization of miRNAs and colocalization of proteins is a powerful tool for studying cell-specific expression and regulation. Although
many miRNAs are potential regulators of islet function and diabetes development, most of their cell
specific expression remains unknown. We developed and optimized a protocol that combines fluorescent
in situ hybridization \(FISH) of miRNAs and immunofluorescence \(IF) of two proteins at the same time in
whole mount isolated intact islets for preserving islet morphology, eliminating the technical difficulties
associated with handling isolated islets that are not amenable to conventional FISH, as well as for
increasing sensitivity and resolution. This method can serve as a valuable tool for studying miRNAmediated regulation of post-transcriptional gene expression in islet biology, diabetes research, and
biomarker development.

Introduction
The islet of Langerhans is an important “mini-organ” with 3,000 to 4,000 endocrine cells including about
60 to 70% insulin-producing beta cells, 20 to 30% glucagon-producing alpha cells, <10% somatostatinproducing delta cells, and <5% pancreatic polypeptide-producing PP cells1. Although islet cells make up
only 1 to 2 percent of cells in the entire pancreas, there are more than 1 million islets in a healthy, adult
pancreas that involved in regulating glucose homeostasis. Type 1 Diabetes results from a lack of insulin
production due to autoimmune destruction of beta cells in islets. Type 2 diabetes is due to resistance of
insulin with a reduced beta-cell mass as well as a defective insulin–secretory machinery contribute to the
lack of compensatory beta-cell response and consequently to altered glucose homeostasis in the body2,3.
Isolated intact islets are often used for in vitro study to investigate beta cell function, survival and
regeneration4-7. Recently, miRNAs-mediated regulation in islets has become the new focus in order to
understand islet development, function, survival, and regeneration in relation to diabetes and to identify
therapeutic targets8-11. miRNAs are highly emphasized non-coding class of RNAs that negatively regulate
gene expression at the post-transcriptional level in key biological events such as cell proliferation,
differentiation, death and malignant transformation. Many miRNAs appear to regulate gene expression in
a cell specific and developmental stage specific manner12. Dysregulated miRNA expression has been
demonstrated widely in the pathogenesis of many diseases including diabetes13. The biosynthesis of
insulin by islet β-cells and glucose metabolism are tightly regulated processes controlled by many
transcription factors and other stimuli. miRNAs regulate pancreatic development and cell fate, regulation
of insulin synthesis and exocytosis, islet cell mass maintenance, and apoptosis. Pancreas enriched miR375 and miR-7 upregulate during human pancreas development14-16. Genes involved in insulin synthesis
are controlled by miR-30d, miR-15a, miR-375, miR-24, miR-148a, and miR-182 17-20. Interestingly, miR-375
decreases glucose-induced insulin gene expression and protein synthesis by targeting 3'phosphoinositide-dependent protein kinase-1 \(Pdk1)20. This miRNA is involved in maintaining the
normal pancreatic α- and β-cell mass21. Alternatively, miR-30d evidently induces insulin expression in islet
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β-cells via inhibiting the negative regulator of the insulin transcription factor \(MafA) and targeting
mitogen-activated protein 4 kinase 4 \(MAP4K4)18. In addition, pancreas-specific activation of miR-15a,
miR-15b, miR-16 and miR-195 favors the generation of new β-cells from pre-existing β-cells by inhibiting
the translation of the ngn3 transcript22. miR-124a and miR-96 regulate insulin exocytosis23. Cytokinemediated induction of miRNA expression \(miR-21, miR-34a, and miR-146a) in islets or β-cells have been
studied24,25. Moreover, miRNAs are reportedly involved in β-cell apoptosis. miR-21 has been identified as
targeting Pdcd4 and inducing islet cell death through the Bax family of apoptotic proteins26,27, and miR146 contributes to the enhancement of free fatty acid induced β-cell apoptosis24. Recently we determined
the beta cell-specific miRNA expression in human islets by combining whole mount fluorescent in situ
hybridization \(FISH) of miRNA with immunofluorescence \(IF) of insulin28. Despite the increasing
number of miRNAs appearing as important regulators in β-cell biology and in diabetes, cell-specific
expression of most miRNAs in pancreatic islets is not known. Few methodologies exist to address this
issue, and miRNA FISH is the most promising. Several attempts have been made to localize miRNAs in
pancreatic sections which limits visualization and complete data on intact islets18,21,29. In addition,
hybridization with pancreatic sections requires handling, managing, and imaging large number of
sections, resulting in compromised islet morphology. Whole mount FISH offers advantages over
conventional methods based on sectioning since an immediate 3-dimensional view of the samples
enables enumeration and monitoring large number of cells for study in their natural structure.
Furthermore, cell-specific miRNA expression in islets could be visualized after in vitro culture under
different conditions. Most of the available whole mount FISH protocols are developed for embryos and
based on bright field colorimetric detection, which in case of islet, does not allow for colocalization/visualization of multiple molecules and limits epitope preservation, compromising the islets
for subsequent co-localization of protein with miRNAs. In addition, conventional washing and chemical
treatment during the hybridization procedures disrupt the islet cells, inducing shrinkage to a jelly-like disc
shape and hindering adequate morphology. Following extensive optimization of conventional and
existing methods for FISH of embryos and tissues, we here reported a protocol for combing FISH of
miRNAs with IF of protein for specific cells in whole mount human islets with visualization using laser
scanning confocal microscopy. The tools used here also prevent accidental loss of islets which usually
become buoyant in common buffers used for washing and treatment during FISH. This protocol has been
tested with isolated mouse islets and could be readily utilized for other tissues of less than 1000 µm and
early stage embryos as well as oocytes or cumulus-oocyte-complexes without difficulties in handling or
mounting. Elucidation of islet cell-specific miRNA expression and dysregulation of miRNAs as well as
their target protein using whole mount FISH will enhance our understanding of islet molecular
pathophysiology with regards to diabetes development, biomarker discovery, and identification of
therapeutic targets.

Reagents
• Acetic anhydride \(Sigma Aldrich, cat. no. 32010) \! CAUTION Flammable, causes skin burns and eye
damage, toxic if inhaled and harmful if swallowed. • Antibodies: Anti-Digoxigenin-POD Fab fragments \
Page 3/16

(Roche Diagnostics, cat. no. 11207733910), Guinea pig anti-insulin \(Abcam, cat. no. ab7842 ), Rabbit
anti-glucagon \(Abcam, cat. no. ab108426), Cy3 Donkey anti-Guinea pig \(Jackson Immuno Research,
cat. no. 706-166-148), Alexa-Fluor-647 Donkey anti-Rabbit \(Jackson Immuno Research, cat. no. 711-606152) • BSA, 30% in DPBS \(Sigma Aldrich, cat. no. A9576) • DAPI dilactate \(Molecular Probes/Life
Technologies, cat. no. D3571) • Diethyl pyrocarbonate \(DEPC) \(Sigma Aldrich, cat. no. D5758) •
Dithizone \(Sigma Aldrich, cat. no. D5130) • Eukitt quick hardening mounting medium \(Fluka Analytical,
cat. no. 03989) \! CAUTION Flammable, harmful in contact with skin and if inhaled. • Fluoroshield with 1,
4 Diazabicylo \[2.2.2] octane \(\(Sigma Aldrich, cat. no. F6937) \! CAUTION May produce an allergic
reaction. • Hanks’ Balanced Salt Solution \(HBSS) 1X, \(Gibco, cat. no. 88597) • Hydrochloric acid, 37% \
(Sigma Aldrich, cat. no. 320331) \! CAUTION causes severe skin burns, eye damage and respiratory
irritation. • Hydrogen peroxide solution, 3% \(Fluka Analytical, cat. no. 03989) • LNA oligonucleotide
probes \(Exiqon miRCURY LNA probes, Exiqon) • Methanol \(Fisher Scientific, cat. no. A412P-4) \!
CAUTION flammable, harmful if inhaled or swallowed. • MiRNA ISH Buffer Set \(Contains ISH buffer and
Proteinase K) \(Exiqon, cat. no. 90000) • Normal Donkey Serum \(NDS) \(Jackson Immuno Research, cat.
no. 017-000-121) • Paraformaldehyde solution \(PFA), 4% in PBS \(Affymetrix, cat. no. 19943) \!
CAUTION PFA is highly allergenic; use gloves and work under fume hood. • Phosphate Buffered Saline \
(PBS, 10X) \(Sigma Aldrich, cat. no. P7059) • RNaseZap \(Ambion, cat. no. AM9782) \! CAUTION
Corrosive, can cause irritation, and is harmful if swallowed. Wear gloves. • Triethanolamine \(Sigma
Aldrich, cat. no. 90279) • TritonX-100 \(Sigma Aldrich, cat. no. T8787) • TSA plus Fluorescence systems \
(Perkin Elmer, cat. no. NEL741001KT) • Tween-20 \(Fisher Scientific, cat. no. BP337-100 ) • Ultra-pure 20x
SSC buffer \(Invitrogen, cat. no. 15557-036) Reagent Setup • 0.5 N HCl solution: Add 20.83 ml of 37% HCl
to 479.17 ml of DEPC water. Store at room temperature for multiple usages. • 10% NDS solution: Add 100
µl NDS in 900 µl of PBS. Prepare fresh immediately before use. • Acetylation solution: Add 116.5 µl of
triethanolamine and 25 µl of acetic anhydride to 9.8 ml of DEPC water. Mix it properly and use fresh every
time. • Antibody dilution solution: For 50 ml, mix 25 µl of Tween-20, 0.5 ml of sheep serum and 1.35 ml
BSA. Add PBS up to 50 ml, filter using 0.22 µm syringe filter, aliquot and store at -20 °C. • Blocking Buffer:
For 50 ml, mix 50 µl of Tween-20, 1 ml of sheep serum and 1.35 ml BSA. Add PBS up to 50 ml, filter using
0.22 µm syringe filter, aliquot and store at -20 °C. • DEPC-treated water \(1 liter): Add 1 ml of DEPC to 1
liter of distilled water, incubate at 37 °C for 2 hours and autoclave. \! CAUTION DEPC is carcinogenic until
autoclaved; use gloves and work in a fume hood. • Methanol/PBST solution series: Prepare 75%, 50%,
and 25% methanol in PBST. • PBS \(1X): For 1 liter, add 900 ml of DEPC treated water to 100 ml of 10X
PBS. • PBST solution: For 1 liter, add 1 ml of Tween-20 to 1000 ml of PBS. • Probes preparation: Dissolve
LNA-modified Dig labeled miRNA probes in 1x hybridization buffer at 100 mM \(100 pmol/ ml). Store at
−20°C. To avoid freezing and thawing cycles, prepare 1.25 µl or 2.5 µl aliquots of this 100 mM stock
solution, which is enough probe for hybridization with 12 and 24 tissue slides or 5-6 well whole mount
sample. On the day of the experiment, thaw the aliquot and spin down for 1 min at 9,400 × g. Add RNasefree water to dilute the probe solution to 10 mM \(10 pmol/mL). • Proteinase K buffer: For 500 ml, mix 2.5
ml of 1 M Tris-HCl \(pH-7.4), 5 ml of 0.1 M EDTA and 100 µl of 5 M NaCl. Fill up to 500 ml with DEPC
treated water. Store at room temperature. • Proteinase k digestion solution: Add 600 µl of 10 mM Tris-HCl
\(pH-7.5) to the lyophilized PK tube \(12 mg) supplied with hybridization buffer \(Exiqon). This will
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produce 20 mg/ml. Aliquot into 7.5 µl per 0.2 ml PCR tube and store at -20 °C. Immediately before use,
dilute one tube of Proteinase K in 10 ml Proteinase k buffer, for a final concentration of 15 µg/ml. • SSC
solution: Prepare 2X and 0.2X from 20XSSC solution in DEPC treated water. • SSCT wash solution:
Prepare 2XSSCT and 0.2XSSCT solution by adding 0.01% Tween-20 in 2XSSC and 0.2XSSC solution. •
TSA green reaction solution: Add 150 μl DMSO to the vial of TSA to prepare stock solution. Store at 4 °C.
For 500 µl, working solution, add 10 µl of stock fluorescein amplification regents to 490 µl of 1x plus
amplification diluent \(1:50). Prepare fresh each time.

Equipment
• Absorbent kimwipes \(Kimtech Science, cat. no. 34155) • Adhesive sealing film for microplates \(Excel
Scientific, cat. no. T-3021-7) • Aluminum foil • Confocal laser-scanning microscope \(e.g., Nikon Eclipse Ti
confocal microscope) equipped with suitable lasers. • Conical centrifuge tubes, 15 ml \(Thermo Scientific,
cat. no. 339651) • Forceps \(Roboz Surgical Store, cat. no. RS-5237) • Glass Pasteur pipette, 9” \(Fisher
Scientific, cat. no. 13-678-6B) • Microscope cover glass \(Fisher Scientific, cat. no. 12-542-B) • Microscope
slides \(Fisher Scientific, cat. no. 22-230-900) • Millicel cell culture inserts, 12.0 µm, 12 mm diameter \
(Millipore, cat. no. PIXP01250) • Pipettes and tips for volumes 0.5–1,000 μl • RNAse-free 0.2 ml PCR tubes
\(Ambion, cat. no. AM12225) • RNAse-free 2.0 ml Microfuge tubes \(Ambion, cat. no. AM12425) • RNasefree 50 ml conical tubes \(Ambion, cat. no. AM12502) • Stereomicroscope \(Leica MZ6) or any with 6.3:1
zoom • Sterile petri dish \(Greiner Bio-One, cat. no. 628161) • Syringe filter, 0.22 µm \(Pall Life Sciences,
cat. no. PN4192) • Tissue culture plate, 24 well and flat bottom \(Falcon, cat. no. 353047) • Thermo cycler
with lid heating option or standard hybridization incubator • Water bath \(50-65˚C) Equipment setup •
Pipette for handling whole mount islets: Standard glass Pasteur pipette can be pulled in the flames of a
gas burner and converting it into an IVF or an ICSI pipette allows for handling of whole mount islets. This
procedure requires skill for achieving the appropriate diameter size and smooth surface. A rough or
jagged edge has the potential to damage the islets. Alternatively, a traditional 10.0/2.0 µl micropipette or
ready to use Flexipet Manipulation Pipette for embryos or cumulus oocyte complex handling of 600 µm
diameter \(Cook Medical, cat. no. G26057) can be used. • Managing cell culture insert in 24-well tissue
culture plate: Depending on the type of solution/buffer, solution should be added either by drop-by-drop or
on the inner wall of the insert. Solutions such as PFA, MeOH, and PBST must be added on the inner wall
of the insert. Washed solution should be removed from the outside of the insert. Total solution volume
inside and outside of the insert should not exceed 1 ml. Solution volumes greater than 1.2 ml will cause
the islets to float out of the insert. The insert will begin filtering once the media inside is in contact with
the outside solution. Each time during transfer of insert, hold some media within the insert until the
bottom side of the filter membrane contacts the solution in another well. Minimize the amount of time the
islets are exposed to air during transfer \(on the insert) to prevent them from drying out. The pipette
should never touch the membrane of the insert.

Procedure
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Usages of human islets and all experiments were performed in accordance with the Sanford Research
IRB. Most of the work was performed using the stereomicroscope to prevent loss of islets during transfer
and washing procedures. Fixation with 4% PFA was done in the fume hood with appropriate PPE. All
materials used were RNAse free. Tools and equipment were wiped with RNaseZap and then rinsed with
DEPC water. Collection and disposal of waste was done using the approved disposal protocol. See flow
chart for brief methodology \(Fig. 1). A. Sources of human islets/isolation of mouse islets and
processing Human islets were obtained through the Integrated Islet Distribution Program \(IIDP, "text to
link":http://iidp.coh.org) from multiple centers. Islet purity and morphology were assessed using dithizone
staining. Islets from mouse or other species can be isolated using a standard collagenase digestion
protocol. 1. Place a millicel cell culture insert per samples to be hybridized into a 24-well tissue culture
plate. Add 500 µl of HBSS both inside and outside of the insert in the well. Under stereomicroscope, pick
islets \(at least 25, use 10% extra to account for loss during processing) by pulled Pasteur pipette or 2.0
µl micropipette and gently drop into the insert with HBSS solution. Let sit for 5 minutes. Take 800 µl
solution from outside of the insert and add 800 µl fresh HBSS inside the insert. Let sit for 5 minutes.
Repeat two more times. 2. In the fume hood, add 400 µl of fresh 4% PFA in to a new well. Gently transfer
the insert from the HBSS well to the PFA containing well using forceps and add 500 µl PFA to the insert.
Pipette the PFA on the inner wall of the insert to avoid dropping it directly into the well. Remove 500 µl
PFA from outside of the insert and add 500 µl of fresh PFA inside the insert. Incubate 30 minutes at room
temperature. ▲ CRITICAL STEP Adding PFA drop-by-drop generates micro-sized bubbles, which become
attached to the islets and cause them to float in the solution. 3. Remove 500 µl of PFA from the outside of
the insert and add 500 µl PBST on the inner wall \(\! Critical) of the insert. Take 500 µl of solution from
outside of the insert and add 500 µl of fresh PBST on the inner wall of the insert. Incubate at room
temperature for 10 minutes. Repeat washing the islets with PBST once more. 4. Take 500 µl of solution
from outside of the insert and add 500 µl fresh 100% MeOH on the inner wall of the insert. Incubate for 20
minutes at room temperature. Repeat once more but incubate in MeOH for 30 minutes at -20 °C. Check
the islets under stereomicroscope. Islets attached to the wall or membrane of the insert should be gently
flushed with the pipette to loosen. Islets are now ready for hybridization. ■ PAUSE POINT Islets in the
insert at this point can be stored at -20 °C. For storing, seal the well insert in the plate with Adhesive
sealing film, cover it with aluminum foil and store at -20 °C for up to one month. Check the volume of
MeOH weekly to ensure that the sealing is not loosed and leaking MeOH. B. Rehydration, peroxidase
inhibition and proteinase K digestion ● TIMING 1.5 h 5. Take off the seal. Remove 500 µl MeOH and add
500 µl 75% MeOH in PBST on the inner wall of the insert. Incubate at room temperature for 5 minutes.
Repeat this rehydrating step with 50% MeOH and 25% MeOH. Replace 25% MeOH in PBST with 100%
PBST. Repeat with fresh PBST and incubate for 5 minutes. ▲ CRITICAL STEP Adding MeOH in PBST
drop-by-drop generates micro-sized bubbles, which become attached to the islets and prevent them from
sinking to the bottom. ? TROUBLESHOOTING 6. Remove 500 µl of MeOH-PBST and block endogenous
peroxidase activity by adding 500 µl 3% H2O2 drop-by-drop into the insert. Incubate for 5 minutes at room
temperature and repeat once more. Adding H2O2 drop-by-drop will help sink any floating islets. 7. Remove
500 µl of solution from outside of the insert and add 500 µl of PBST on the inner wall of the insert.
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Incubate for 5 minutes. 8. Remove 500 µl of solution from outside of the insert and add 500 µl of PBS
drop-by-drop into the insert. Incubate for 5 minutes. Repeat once more. 9. Remove 500 µl of solution from
outside of the insert and add 500 µl of 10 μg/ml proteinase k solution \(10 μg/ml=1.25 μl of PK aliquot
stock to 2.5 ml PK buffer: See reagent set up) drop-by-drop into the insert. Repeat once more with fresh
PK solution and incubate for 30 minutes at RT. C. Treatment with HCl, post-fixation and acetylation ●
TIMING 2 h 10. Remove 500 µl of solution from outside of the insert and add 500 µl of PBS drop-by-drop
into the insert. Incubate 10 minutes. Repeat once more. 11. Remove 500 µl PBS from outside of the insert
and add 500 µl of 0.5 N HCl, repeat once more and incubate the islets for 20 minutes at room temperature
with fresh 0.5 N HCl solution. This aid in retaining the islet morphology, hardens the islets for overnight
hybridization as well as downstream washing, and will enhance antigens retrieval. Some islets may stick
to the membrane, which is normal. 12. Remove 500 µl of solution from outside of the insert and add 500
µl of PBS drop-by-drop into the insert. Flush the islets with the solution inside the insert using a pipette to
loosen them from the membrane and incubate for 10 minutes. Repeat once more. 13. Briefly wash the
islets by removing 500 µl PBS from outside of the insert and adding 500 µl of 4% PFA on the inner wall of
the insert. Repeat this step once more with fresh 4% PFA solution and incubate for 20 minutes at RT. 14.
Remove 500 µl of solution from outside of the insert and add 500 µl of PBS drop-by-drop into the insert.
Flush the islets with the solution inside the insert using a pipette to loosen them from the membrane and
incubate for 10 minutes. Prepare acetylation solution. ? TROUBLESHOOTING 15. Briefly wash the islets
with acetylation solution \(add drop-by-drop) and then incubate for 20 minutes with fresh acetylation
solution. 16. Wash the islets in PBS and prepare 50% PBST in hybridization solution in 1.5 ml RNAse free
micro-centrifuge tube. 17. Transfer the islets with PBS to 0.2 ml RNAse free PCR tubes. Let the tubes
stand for 5 minutes to let the islets settle down. Remove as much PBS as possible from the tubes using a
micropipette. Add 100 µl of 50% PBST in hybridization solution. Incubate 10 minutes at RT. Islets should
settle. 18. Remove PBST/hybridization buffer without touching the islets pellet and add 100 µl of
hybridization solution. Pre-hybridize at the appropriate hybridization temperature for 1 hour in a thermal
cycler with pre-heated lid. D. Hybridization and stringency washes ● TIMING 13-17 h 19. Denature the
LNA miRNA probes at 90 °C for 4 minutes and keep in ice for 5 minutes before diluting with hybridization
buffer. Remove pre-hybridization mix and replace with 100-120 μl of prepared probes in hybridization mix
and hybridize for 12 hours to 15 hours in thermal cycler with preheated lid. The unused portion of diluted
probe in hybridization buffer can be stored at -20 °C in aliquot and it is good for a month with single
freeze-thaw cycle. Determine hybridization temperature as recommended by Exiqon. For miR-375 and U6
we used 59 °C and 55 °C, respectively. For multiple probes having different hybridization temperature
could be incubated in a single batch using different wells of the block of thermal cycler with different
nearest gradient temperature. 20. Remove 50 µl/50% of hybridization buffer and add an equal volume of
2XSSCT solution under the stereomicroscope using a micropipette. After 15 minutes of incubation at
hybridization temperature in thermal cycler, remove as much 2XSSCT/hybridization mix as possible
without touching the islets. Replace with fresh 2XSSCT buffer and repeat incubation for 15 minutes. ▲
CRITICAL STEP Islets may look sticky and some might be floating. Allow additional time for the islet to
settle or gently push the floating islets to the bottom of the tube by flushing the solution using a 10µl
micropipette. Special care should be taken to not lose any islets during pipetting. 21. Remove most of the
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2XSSCT solution and add 100 μl of 0.2XSSCT under the stereomicroscope using a micropipette. Incubate
at hybridization temperature for 20 minutes and then let the tube cool to room temperature for 5 minutes.
22. Prepare a millicel cell culture insert in a 24-well tissue culture plate by adding 500 µl of PBST both
inside the insert and outside of the insert in the well. Transfer all the islets from PCR tubes to the insert
using a micropipette under the stereomicroscope. Replace 500 µl of PBST to the inner wall of the insert
after removing 500 µl of PBST from outside. ? TROUBLESHOOTING E. Blocking and immune-staining ●
TIMING ~26 h 23. Replace PBST with blocking solution and incubate the islets for 30 minutes at RT. 24.
Prepare antibodies cocktail in antibody dilution solution \(Anti-DIG-POD-1:200, Guinea pig anti-insulin1:100, Rabbit anti-Glucagon-1:100). Replace blocking solution with antibodies cocktail and incubate the
islets for overnight/12 hours at 4°C. 25. Wash the islets for 20 minutes at room temperature twice with
PBS. 26. Prepare secondary antibodies cocktail \(Cy3 Donkey anti-Guinea pig-1:300, Alexa-Fluor-647
Donkey anti-Rabbit - 1:300 including DAPI dilactate nuclear counter stain \(2 μl in 1 ml of cocktail).
Replace PBS with secondary antibody cocktail and incubate overnight at 4 °C. ▲ CRITICAL STEP
Samples should be protected as much as possible from light in this step and onwards. 27. Wash the
islets for 20 minutes at room temperature twice with PBS. 28. Remove PBS, mix, and incubate with 300ul
of TSA-plus FITC working solution \(1:50 in diluents) for 30 minutes at room temperature in the dark
without agitation. Add TSA-plus drop-by-drop to help the islets sink. 29. Wash the islets for 20 minutes at
room temperature twice with PBS. F. Mounting the islets and imaging ● TIMING ~1 h 30. Remove the
islets from the insert and place in the middle of a microscope slide with as little PBS carryover as
possible. Cover with aluminum foil until cover slipped. ? TROUBLESHOOTING 31. Make a circle of 2 cm
with 120 μl of eukitt quick hardening mounting medium on a microscope coverslip using a 200 μl
micropipette. Let the cover glass stand for a minute for partial hardening. Meanwhile remove extra PBS
from the slide carefully. \(Fig. 1) Info: The circle of eukitt will prevent the islets from being flattened by the
pressure of the coverslip as well as will make a barrier block to prevent the evaporation of mounting
media. 32. Add a small drop of fluoroshield media in the middle of the circle of eukitt media on the
coverslip. Slowly overlay the coverslip on to the slide, positioning the drop of fluoroshield on the islets. 33.
Keep the slide in dark at 4 °C for at least 20 minutes or until imaging will be done. 34. Image the islets in a
confocal laser-scanning microscope equipped with suitable lasers using Z-stack of 1.5-2 μm intervals. ?
TROUBLESHOOTING

Timing
Timing A. Sources of human islets/isolation of mouse islets and processing: ~4 h B. Rehydration,
peroxidase inhibition and proteinase K digestion \(Step 5-9): 1.5 h C. Treatment with HCl, post-fixation
and acetylation \(Step 10-18): 2 h D. Hybridization and stringency washes \(Step 19-22): ~13-17 h E.
Blocking and immune-staining \(Step 23-29): ~26 h F. Mounting the islets and imaging \(step 30-34): ~1
h The timing details shown above are estimates, and include sample handling. Initial processing time can
vary depending on sources of islets. The entire procedure takes 3-3.5 days. Furthermore, hybridization
and incubation for immune-staining time can vary depending on the probes and the antibodies used.
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Troubleshooting
Troubleshooting guide is given in Table 1.

Anticipated Results
Under a laser scanning confocal microscope, miRNAs signals will be detected in the FITC/Green and
proteins of interest will be either in the Texas red/Cy3 or Far red/Cy5 channel depending on the type of
conjugation used in the antibodies. Therefore, the images from the successful in situ hybridization
experiment will be evident with green cytoplasmic staining of miRNAs of interest and two target proteins
with red and far red \(yellow or custom color) signal and nuclear blue as counterstain. If U6 snRNA is
used as positive control, it should produce a distinct nuclear green signal. 3-dimentional visualization of
multicolor stained islets using maximum intensity projection \(MIP) \(or other strategies depending on
the microscope) of all optical sections of 1.5-2 μm apart between z-planes will enable the collection of
accurate and highly detailed data on the expression and distribution of miRNAs and proteins in intact
islets. Typically, this protocol produces no background. If there is weak background, it will be covering the
whole section including the nuclei and the extracellular matrix evenly but unspecific to any cell types
similar to negative control \(scrambled miRNA probes). Endogenous peroxidase activity and stringency
washes can be adjusted to remove the noise and background if necessary for other tissue types. Changes
in miRNA expression and their target protein expression as well as cell markers in an intact islet can be
quantified using image processing software to elucidate the functional role of candidate miRNAs.
Although the example images \(Fig. 2) presented here are focused on the localization of miR-375
together with staining of insulin and glucagon, the protocol can be used directly with little modification of
hybridization temperature for different miRNA probes simply by adjusting the dilution/incubation of the
antibodies for the other target proteins of interest. In addition, we anticipate this protocol will be suitable
for islets of other species as well as other tissues of small size that are difficult to handle, including early
stages of embryos such as zygote to blastocyst and oocytes or cumulus-oocyte-complexes.
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Figure 1
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Flow diagram of the key steps for combined FISH/IF in whole mount islets. Initial washing, fixation,
dehydration, rehydration, H~2~O~2~ quenching of peroxidase activity, antigen retrieval and acetylation
steps are carried out in cell culture insert in 24-well plate. Pre-hybridization and hybridization of islets are
carried out in 0.2 ml PCR tube in a thermal cycler with preheated lid. Afterward, islets are transferred to a
new insert in 24-well plate for the rest of the steps until mounting on microscope slide. Finally, islets are
picked up from the insert and dropped on microscope slide. A cover glass with both hardening and
mounting media are overlaid on the islets in the slide. Dashed boxes indicate the approximate time
needed.
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Figure 2
Representative images of human islets after FISH of miR-375 and co-localized two islet cell markers
either insulin and glucagon or pancreatic polypeptide and somatostatin. Maximum intensity projection
images were taken with Nikon Eclipse Ti confocal microscope, x20 objective at 2048x2048 pixel
resolution, to visualize the expression of miR-375 - an islet specific miRNA and four different islet cell
markers. The miRNA transcripts are observed as green signal. Insulin (INS) and somatostatin (SS) were
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detected with Cy3-labeled and visualized as red signal. Yellow signals by the Cy5-cojugated antibodies
were observed for the detection of glucagon (GLU) and pancreatic polypeptide (PP). For positive control,
U6 small nuclear RNAs are stained as green in the nucleus. Scrambled RNA (SCR) probe non-specific to
any miRNAs was used as negative control. Scale bars indicate 25 µm.

Figure 3
Figure 1 Flow diagram of the key steps for combined FISH/IF in whole mount islets.
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Figure 4
Figure 2 Representative images of human islets after FISH of miR-375 and co-localized two islet cell
markers either insulin and glucagon or pancreatic polypeptide and somatostatin.
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