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Non-radioactive In Situ Hybridization of Paraffin Embedded Tissues

Part A: Making Digoxigenin-labeled Riboprobes

1. PCR is used to generate 400-500 bp sized DNA templates for antisense or sense riboprobes by incorporating the following T7 promoter into the 5’ end of the antisense or sense primer.

’CTAATACGACTCACTATAGGG ’

In a typical reaction using an amplifiedDNA template (e.g. purified PCR product, IMAGE clone, etc.) sufficient product can be derived from a 50ul  PCR reaction following 30  cycles. Run a small amount of PCR product on an agarose gel. If a robust PCR product is present and background bands are absent, gel purification is unnecessary.

    Take 10 uL from the PCR reaction to run on gel.  Check for size.

2. PCR clean-up using Qiagen Qiaquick PCR clean-up kit.

· Add 60 uL of EB to the 40uL PCR reaction

· Add 500uL (5 volumes) of buffer PB to each sample and invert several times before a quick spin.

· Apply to column, spin 30 seconds, discard flow through.

· Add 750uL of buffer PE, and spin for 50 seconds, full speed.

· Spin additional minutes to dry column

· Place column into new eppendorf tube

· Add 30uL of EB directly on top of filter

· Let sit at RT for 1 min

· Spin 1min at max RCF to recover DNA

3.  Measure DNA concentration using spectrophotomer.  Dilute to 50ng/ul.

4. In vitro transcription. At room temperature (RT) mix the following reagents which

can be obtained from Boehringer Mannheim, in the order shown:

DEPC treated water


 

9 ul

200ng DNA template (50ng/ul) 


4 ul

10X DIG RNA Labeling Mix (cat# 1277 073) 
2 ul  (#7)

10X transcription buffer (cat# 1465 384) 

2 ul  (#8)

RNAse inhibitor (cat# 799017) 


1 ul  (#10)

T7 polymerase (cat# 881 775) 


2 ul  (#12)

DNA templates made with the T7 promoter on the original reverse primer will generate antisense probes, while those made with the T7 promoter on the forward primer will generate sense probes. 

1. Incubate 2 hours at 37(C.

2. Add 2ul DNase I, RNase-free (cat# 776 785) and incubate at 37(C a further 15

min.

3. Add 2ul 0.2M EDTA and place on ice.

4. Measure RNA (Riboprobe) concentration, and raise volume to 100ng/ul with DEPC water.

Riboprobes are very stable, and once made can be stored for months to years at -80( C. However, if RNA integrity is ever in question, verify RNA integrity and concentration by running 5ul (1ug) of RNA on a 6% TBE-urea gel alongside known concentrations of Marker (e.g. RNA Century-Plus size markers, Ambion cat# 7145).

.Part B: In Situ Detection

Day 1

Notes:  Need  50ml tubes per every 2 slides. 

             Each 50ml tube can fit 2 outward-facing slides. 30ml of solution is sufficient to        immerse sections. 

Prep (per every 2 slides unless using Vats):

37o
Adjust water bath to 37oC

55(
Adjust oven to 55(C

65(
Turn on Shirley’s water bath to 65(C

37o 
1X TBS prewarmed both to37o 

Tube (2) =27ml DEPC water+3ml10X TBS

Vat (2) = 189ml DEPC water+21ml10X TBS

RT
70% ethanol             

Tube (1) = 21ml 95% ETOH + 7.5ml DEPC water

Vat (1) = 168ml 95% ETOH + 60ml DEPC water

RT
1X TBST      
Tube (2) = 27ml DEPC water + 3ml 10X TBST

Vat (2) = 189ml DEPC water + 21ml 10X TBST

            RT 
1% H2O2      

Tube (1) = 10ml 3% H2O2 + 20ml DEPC water

Vat (1) = 70ml 3% H2O2 + 140ml DEPC water

De-paraffin and Hydrate Slides:

1. X
RT
Incubate slides in xylene 5 minutes.

2. X
RT
Incubate slides in xylene 5 minutes.

3. X
RT
Incubate slides in xylene 5 minutes

4. 100
RT
Incubate in 100% ethanol 3 minutes

5. 100
RT
Incubate in 100% ethanol 3 minutes.

6. 95
RT
Incubate in 95% ethanol 3 minutes.

7. 70
RT
Incubate in 70% ethanol 3 minutes.  

8. DEPC
RT
Rinse in DEPC treated water 3 minutes.

9. DEPC
RT
Rinse in DEPC treated water 3 minutes.

Block Endogenous Peroxidase:

10. H202
RT
Incubate in 1% hydrogen peroxide 10 minutes RT.
11. Pro K
RT
Take out Proteinase K to thaw.

12.  

Get ice, dry ice and probes.
13. DEPC
RT
Rinse in DEPC treated water 3 minutes.

14. DEPC
RT
Rinse in DEPC treated water 3 minutes.

Unmask desired binding sites:
15. TBS
RT
Incubate 5 minutes at RT in TBS.

16. TBS/K
37o
Add 30ul Proteinase K stock to second 30 ml of 37o TBS. 



(1ul Proteinase K stock per 1ml 1X TBS tube = 30ul, vat = 210ul) 

            note: second 30ml of TBS needs prewarmed in 37(C.

17. TBS/K
37o 
Incubate in Proteinase K/TBS solution for 30 minutes in 37(C 

                                    water bath.

18.  
55(
Make sure oven is at 55( 
Prepare Probe:

      19. Hyb
RT
Per slide and probe add 300ul hyb soln (Chemicon, cat #S4041)

20. hyb/pr
RT
Per slide add 0.6ul probe to hyb soln (0.6ul probe/300ul hyb soln)

21. hyb/pr
RT
Vortex probe/hyb solution.

22. hyb/pr
65(
Denature probe at 65(C in heating block for 2 minutes.

23. hyb/pr
Ice
Place immediately on ice.

Wash off Proteinase K:
24. TBST
RT
Rinse 3 min with TBST.

25. TBST
RT
Rinse 3 min with TBST.

Overnight Incubation(i.e.: Hybex block, oven etc., temperature needs to be stable):
      26. hyb/pr
 RT
Add 150 – 300ul of probe solution to slide. Cover probe solution      
                              with parafilm or coverslip.
27. Hybex  RT      Wet the pad in the tops of Hybex racks. Place each slide in a  
                                    Separate Hybex Rack, and screw the Hybex Chamber together.   
        28. Hybex  55(
Incubate overnight in a Hybex block and set to at 55(C.
Day 2

Prep:

Turn on water bath to 45(C

Take out formamide to thaw (put in RT dH2Obath)

If necessary, make 5M NaCl (2.9g NaCl + 10ml DEPC water) 

Per 2 Slides:

Make blocking buffer 

Tube (good for all slides)= 43.5ml DEPC water + 5ml 1M TRIS + 1.5ml 5M NaCl + 0.5g Casein  (Dig Nucleic Acid Detection Kit)

Make 2X SSC   


Tube (2 per 2 slides) = 3ml 20X SSC + 27ml DEPC water

Vat (2) = 21ml 20X SSC + 189ml DEPC water

For RNase 972ul per 2 slides of 2X SSC into a 50ml tube for later use


4=1944, 6=2916, 8=3888, 10=4860, 12=5832

Make 2X SSC/50% formamide  


Tube (2 per 2 slides)  = 15ml formamide + 13.5ml DEPC water + 1.5ml 20X SSC

Vat (2) = 105ml formamide + 94.5ml DEPC water + 10.5ml 20X SSC

Make 0.08X SSC 

Tube (1) = 30ml DEPC water+48ul 50X SSC in gene point kit
Vat (1) = 210ml DEPC water+336ul 50X SSC in gene point kit

Place in 45(C bath: blocking buffer, (2) 2X SSC, (2) SSC/Formamide, (1) 0.08X SSC

Make 1X TBST 

Tube (11) = 5ml 10X TBST + 45ml DEPC water

Sterile bottle for Vat (1) = 105ml 10X TBST + 945ml DEPC water

Non-sterile bottle for Vat (2) = 63ml 10X TBST + 567ml deionized or millipure water

Make 1X TBS
Tube (4) = 5ml 10X TBS+ 45ml DEPC water

            Sterile bottle for Vat (1) = 84ml 10X TBS+ 756ml DEPC water  
Procedure:

Bring down temp:

1. 45(C
Rinse in 2X SSC 5-10 mins in a 45(C water bath.

2. 37(C
Lower oven to 37(C. 

3. RT
Rinse in pre-warmed 2X SSC for 5 min at RT

4. 37(C
Make sure oven is 37(C.

5. 55oC
turn water bath up to 55oC

Eliminate Excess Probe:

6. RT
Set up new chuck for RNase work on opposite side of water bath. 

7. RT
Per 4 slides, mix 972ul 2XSSC+28.5ul RNase Cocktail (Ambion cat # 2288)

8. RT
Add 250ul of RNase cocktail. Cover solution with parafilm or coverslip, 

9. RT
Place slides in incubation chamber.

10. 37(C
Incubate 30 minutes in oven at 37(C

Stringent Washes:

11. 55oC 
Wash with pre-warmed SSC/ formamide at 55oC for 30 minutes

12. RT
Throw away chamber and RNase area chuck

13. 55oC 
Wash with pre-warmed SSC/ formamide at 55oC for 20 minutes
14. RT
Take out DAKO Biotin Blocking System to warm to RT.
15. 55oC 
Wash with pre-warmed 0.08X SSC once for 20 min at 55oC

16. RT
Rinse with 1X TBST for 3 min at RT.

17. RT
Rinse with 1X TBST for 3 min at RT

Blocking Endogenous Activity:

18. RT
Circumscribe tissue sections if needed

19. RT
Add 3-5 drops of Avidin (DAKO Biotin Blocking System cat#X0590).

20. RT
Incubate at RT for 10 minutes

21. RT
Wash 3 minutes in 1X TBS.

22. RT
Add 3-5 drops of Biotin (DAKO Biotin Blocking System cat#X0590).

23. RT
Incubate at RT for 10 minutes.  

24. RT
Wash with 1X TBS for 3 min at RT with rocking.

25. RT
Wash with 1X TBS for 3 min at RT with rocking.

26. RT
Wash with 1X TBS for 3 min at RT with rocking.


      27. RT
Per 2 slides mix 0.5ml  blocking buffer + 25ul sheep Ig. ( Before using blocking buffer, be sure to add 1/20 dilution of sheep immunoglobulin IgG (sigma Cat# i5131).  Before dilution all antibodies should be spun in a microfuge (e.g. 5 min. max. speed) to prevent precipitate-related background.
      28. 4(C
Incubate in blocking mixture for overnight at 4(C

Day 3

Primary Link:

29. RT
Per 2 slides mix 0.5ml blocking buffer + 25ul sheep Ig + 0.5ul HRP-anti-    Dig (HRP-anti-Dig: Roche cat #11207733910)
30. RT
Incubate for 30 min at RT. 

31. RT
Take out biotinyl-tyramide(Dako GenPoint Kit cat#K0620) to warm to RT

32. RT
Wash 5 min with 1X TBST with rocking.

33. RT
Wash 5 min with 1X TBST with rocking.

34. RT
Wash 5 min with 1X TBST with rocking.

Biotinylation:

35. RT
Make sure ice bucket is dry and handy

36. RT
Add biotinyl-tyramide (DAKO GenPoint Kit cat# K0620).

37. RT-DARK Incubate in dark 15 min. (Use inverted ice bucket or for lg incubator a towel).

38. RT
Take out secondary streptavidin (DAKO GenPoint Kit cat#K0620) to warm to RT

Sterile conditions are no longer necessary:
39. RT
Wash 5 min with 1X TBST with rocking.

40. RT
Wash 5 min with 1X TBST with rocking.

41. RT
Wash 5 min with 1X TBST with rocking.

Secondary Link:

42. RT
Incubate with secondary streptavidin for 15 minutes at RT (DAKO GenPoint Kit). 

43. RT
Take out DAB diluent and concentrate to warm to RT (DAKO GenPoint Kit).

44. RT
Wash 5 min with 1X TBST with rocking.

45. RT
Wash 5 min with 1X TBST with rocking.

46. RT
Wash 5 min with 1X TBST with rocking.

Substrate:

47. RT
Per 2 slides, mix 500ul DAB diluent + 10ul DAB concentrate (DAKO GenPoint Kit).

48. RT
Incubate 1-5 minutes with DAB mixture.

49. RT
Rinse well with distilled water.

Counter-stain:

50. RT
Counter-stain 15-30 seconds with Mayers Hematoxylin  

51. RT
Rinse with dH2O. 

52. RT
Rinse with dH2O

Dehydrate, clear and cover-slip:

53. RT
Incubate in 70% ethanol 3 minutes.  

54. RT
Incubate in 95% ethanol 3 minutes.

      55. RT
Incubate in 100% ethanol 3 minutes      
56. RT
Incubate in 100% ethanol 3 minutes

57. RT
Incubate slides in xylene 3 minutes.

58. RT
Incubate slides in xylene 3 minutes.

59. RT
Place two or three drops of mounting medium on slide.

      60. RT
Cover with cover glass.

 Stocks for In Situ Hybridization

1. First, you’ll need lots of water, which is used to make all solutions from beginning to end. (Get 6 liters Gibco-BRL ultrapure dH20 to start).

2. TBST: Add 111ml of Dako’s 10X Tris Buffered Saline with Tween 20 (cat # S3306)

directly to 1L of RNase free water.

3. TBS pH 7.5: 100 mM Tris, 150 mM NaCl.

4. Proteinase K: The stock solution is made by dissolving one bottle of 100mg Proteinase K powder in 5 mls of RNase free dH20. Freeze small aliquots (e.g. 500 ul) at –20(C. When ready to use, thaw aliquot and dilute to optimal concentration in 50ml tubes with 37(C prewarmed TBS.

5. Blocking buffer: First make 100mM Tris HCl (pH 7.5), 150mM NaCl, 1% blocking

reagent (highly purified casein) from the Digoxigenin Nuleic Acid Detection Kit

(Boehringer Mannheim cat # 1175 041). With pipetting and vortexing blocking reagent will dissolve at 55(C in <1 hour. Store at 4(C and use within a month (longer storage may lead to higher background). Immediately before adding to sections spin sheep

immunoglobulin IgG (sigma Cat# i5131)  in microfuge and add 1/20 dilution to

the blocking buffer. To remove any precipitated blocking reagent spin in tabletop centrifuge 5 min. Store at RT during assay. Note: Do not add sodium azide to blocking solution as this can inactivate HRP over long periods of time!

Tips:
1. Have your paraffin embedded sections cut onto microscope slides that are polylysine coated or charged.  Once cut, these sections can be stored in any clean, dry container until ready for use.

2. Each 50ml tube can fit 2 outward-facing slides. 30ml of solution is sufficient to immerse sections.

3. Never let the sections dry out.
4. The optimal concentration of Proteinase K to be used for a run of in-situ experiments using a particular probe must be determined, but a good starting point is to try 10-20ug/ml Proteinase K in TBS.  Over-digestion of tissues can result in high background, while under-digestion results in no or very weakly detectable signal at the end of the experiment.   In addition, addition of glass slides to pre-warmed TBS usually lowers the temperature several degrees.  Therefore, the incubation must be timed for 30 minutes once the temperature reaches 37(C inside the conical tube. (Check the temperature inside the conical tube with a thermometer periodically. Alternatively, I find that it usually takes 10 minutes for the temperature to come back up to the incubation temperature once the slides are added to the TBS. Therefore, I just add 10 minutes to my incubation time for a total of 40 minutes).

5. Probe dilution: digoxigenin-labeled riboprobe to fresh hybridization solution (DAKO, cat #S3304) (final concentration 100-200 ng/ml) ensuring a dilution of at least 1/50.
6. Notes for overnight incubation:

a. Cut rectangular shapes of parafilm that is a little bigger than the actual sections but smaller than the slides. These will be laid directly on top of the riboprobe solution during hybridization to prevent drying of the section.

b. Take an empty pipette tip box and put three pieces of folded paper towels soaked with formamide/SSC solution in the bottom of the box (mix 20mL formamide, 10mL each of 20X SSC and DEPC treated water, and add 25-30mL into the paper towels placed in the bottom of the tip box.  Put the middle insert of the tip box back in the box and place the slides on top of the insert.  Close the box and wrap with saran wrap.

7.  Use this same set-up for the Rnase treatment (Step 2a on the second day).  It is not necessary to wrap the box.  Dispose of the box after this step. 

8. If the ribroprobe is not well labeled with digoxigenin, it may help to add more probe for a better signal.  The best amount to add has to be determined on a set of sections hybridized with a range of probe concentrations diluted in hybridization buffer. However, if increased probe concentration does not help, the final signal can be increased with no noticeable increase in background be designing additional probes against non-overlapping regions of the transcript and adding 100-200 ng/ml concentrations of these additional probes in the same hybridization reaction.

9. In contrast, for certain transcripts (particularly abundant ones) non-specific background due to the binding of riboprobe can be eliminated completely (without reducing the signal) by titrating down the concentration of probe.

 For an excellent review and trouble shooting guide of in situs, read:

Shrihari S. Kadkol et al., In Situ Hybridization-Theory and Practice. Molecular Diagnosis 4(3):169-183, 1999, or call Dr. Kadkol directly in Gary Pasternak’s lab (5-7402).

The in istu protocol below is based on a modification of published methods in the following papers:

1.
St Croix B, Rago C, Velculescu V, Traverso G, Romans KE, Montgomery E, Lal A, Riggins GJ, Lengauer C, Vogelstein B, Kinzler KW: Genes expressed in human tumor endothelium. Science 2000, 289:1197-1202.

2.
Iacobuzio-Donahue CA, Ryu B, Hruban RH, Kern SE: Exploring the host desmoplastic response to pancreatic carcinoma: gene expression of stromal and neoplastic cells at the site of primary invasion. Am J Pathol 2002, 160:91-99

The protocol for primer designing 

We generally design primers which amplify 400-500bp products in the 3'UTR of the gene using Primer 3 software. The program can be accessed from

http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi

Then we need to add a T7 tag to the designed primer at the 5'end of the forward or reverse primer.

T7 tag sequence: CTAATACGACTCACTATAGGG

DNA template made with the T7 promoter sequence tag on the original reverse primer will generate anti-sense probe, while those made with T7 tag on the forward primer will make sense probe.

Typically a total of 4 primers are needed for making sense and anti-sense probes.

Eg.
MOXD1 Sense Forward :CTAATACGACTCACTATAGGGatgaccccacacccatctta

MOXD1 Sense Reverse :gcttaagagatgaggacaggaca

MOXD1 Anti Sense Forward :atgaccccacacccatctta

MOXD1 Anti Sense Reverse :CTAATACGACTCACTATAGGGgcttaagagatgaggacaggaca
(The nucleotides in small letters are the original Forward and reverse primers. The T7 tag is in Caps.)
