Quantification of telomere length by FISH and Laser Scanning Cytometry
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Cellular Stereological Results
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understand its etiological role in cancer pathogenesis. Genetically engineered mouse models have been instrumental in H 4 1 5,495,604

validating the etiological role of individual genes and various combinations. In contrast to conventional genetically c 2 2 5,827,654

engineered mouse models of breast cancer, the telomerase deficient (mTerc-k-) p53+/- mice have critically short telomeres - E 3 3 7,100,389

and impaired p53-dependent telomere checkpoints. Approximately 10% of mTerc-/- p53+- females develop spontaneous Fig2. DAPITai: Remaved by T pass Scan. Pass one exrites DAP! with a 405 kaser, and pass two excited FITC G 4 2 12,744,272
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Taking nto the account the ole of telomere dynamics i cancer biology, there has been strong interest in @ measuring of Tissue Analysis phenotypes eficited by our genetic manipulations of members of the telomere maintenance pathway, pariciarly ith

telomere length ntissues. The gold-standard method is based on Sauthern blotting. Tris method requits th isolation of respect 1o cancer and degenerative disease. In the context of organismal aging, we are investigating the role that

Highsmolecular-weight genomic DNA digested with two restction enzymes, folowed by Southern bloting and hybridization - | = * telomere dysfunction and DNA damage checkpoints in degenerative disease and organ homeostasis.  Our model

with the repeat-specific DNA probe. The resuling smear patten represens a size range of restricion fragments. The = e combines telomerase deficient mice with those lacking some other target genes. These mice extibit many of the

telomere length can be compared between two samples based on diferences in elecrophoretc motiiy o corresponding hallmarks of accelerated celluar and organismal aging, particularly affectng tissue stem cell populatons. In this
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In contrast to Southern botting, florescent n i hybridization (FISH) is a cellceniric approach. FISH with repeat-specic F = bty of tomerae fopresson 1 s the 2gng proces  the mice, i measue o DN by

probe as the method was developed more than a decade ago. This technique has since been moied and widely appiied

to metaphase chromosome spreads. Advantages of this technique consist from high sensitivity ensured by the use of Fig. 3. LSC analysis of a gene-specific FISH. (A) BAC probe spots are easily detectable, with high levels of intensity. Plots showing H ;‘ hybridization o telomeres with a fluorescent probe and quaniation of the relatve flurescence intensiy as a direct

peptide nucleic acid (PNA) hybridization probe. The information is obtained on the telomere length of even individual that the green (FITC) probe rarely exceeds two counts per nucleus, but yellow (Cy3) gives additional signals. This finding was i measure of telomere length.  Regular Telomere-FISH technology Is Emited 1o the analysis of metaphases from

chromosomes. Tel-FISH has also been successfull applied to the analysis of isolated interphase nclei, as well as snap- confimed by a subsequent manual evaluation. (B-D) Three 100X confocal 2um step -planes. Arrows incrementally show the t cultured cells and in its throughput by the laborious microscopy required. The Laser Scanning Cytometry will greatly

positon of red and green FISH spots. (E) 60X laser scan image. Note: ll spots were detected. o

frozen and paraffin-embedded tissue sectons. The late is particularly important since gives the abilty o exploit the vast increase our experimental throughput
array of archival pathological material available. Unfortunately, the power of telomere-tissue-FISH (1FISH) appears to be
underutiized, possibly due to the lack of an objective way for quantfication of the speciic luorescent signal across the

specimen section
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A desirable technology should allow automated analyses of large tissue sections at high magnifications, presenving the
tissue morphological organization while performing flow cytometry-like analyses of cellular markers. To this end, we
adopted the FISH method by using a dynamic hybridization device and combined this with aser scanning cytometry for the
effective mapping of tissue architecture for cells with diflrent telomere lengths;

Fig. 7. Block diagram of the tFISH protocol, a low resolution view of tissue and high resolution scan areas.

ata Acquisition & Processing

The objective of this experiment is to distinguish between two cell populations with known
differences in telomere length. Challenges to be overcome include the following: 1) engineer
cells with short and long telomeres; 2) make uniform hybridization conditions for samples that
should be compared; and 3) image analysis algorithms

chnical Setup: The LSC
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Comments

Fig. 4. Details of the telomere spots definition and the high resolution scan setup for tel-FISH with interphase spreads.
Cellular Contour Results

Fig.8. Example of data acquired during tissue PNA scans

Fig.1. Block diagram of the iCys. Three lasers are used in a multiplexed fashion to illuminate the specimen from
undemeath. Fluorescent light is returned along the same pathway and is diverted and directed by dichroic mirrors and
filters to four photomultiplier tubes measuring distinct spectral bandwidths. Major modified parts are shown in circles,
- Tissue Results
LSC is a analytical technology analogous to flow cytometry. In contrast to flow cytometry, the position of each
fluorescent, chromatic or scatter event is recorded, and electronic bit-map images of the scan are created. These
images of tissue sections reveal the architectural context in which the event has occurred. The iCys Research
Imaging Cytometer (Compucyte) is designed around an inverted-format Olympus IX71microscope (Fig.1). Many of
the microscope's functions are left intact, giving the iCys visualization capabilities, including the ability to associate
images with any of the events in the population data (see Luther et al., 2004 for details).

We have adopted the system of dynamic mixing, MAUI Mixer, originally designed to
perform hybridizations with DNA/RNA microarray chips. I this case, the
become virually identical for
Fig. 5. Comparison of the th iCys analysis. (A) T forthe mock (1op) and the reconstitution Fig. 9. Visual validation ofthe corrections, and definiton of cells with long (red squares), medium
(bottom). () Block diagram of the Tel-FISH protocol. (C) LSC quantiication of telomere length for parental top) and (blue) and short (green) telomeres

telomerase-econsiituted (bottom) cell popuiations,
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