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10. Background - Molecular Biology
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One of the key end points for understanding the molecular basis of carcinogenesis is the quantitation of gene expression in specific cell populations. Microdissection techniques allow extraction of morphologically distinct cells for molecular analysis. A recent advance in microdissection uses the PixCell laser capture microdissection (LCM) system, which allows for precise removal of pure cell populations from morphologically preserved tissue sections.  The objective of this study was to determine the optimal fixation protocol for analyzing RNA from tissue samples using LCM. Optimal fixation must provide acceptable morphology, allow proper laser capture of selected cells, and preserve the integrity of mRNA. We evaluated the effects of both cross-linking and precipitive-type fixatives on frozen and paraffin-embedded mouse liver tissue. For assessment of the quality of the mRNA in LCM samples generated from various fixed tissues, reverse transcription-polymerase chain reaction (RT-PCR)-amplified mouse liver beta2-microglobulin mRNA was detected with ethidium bromide. We also examined mouse glyceraldehyde-3-phosphate-dehydrogenase by using the fluorogenic TaqMan system for real-time quantitative detection of RT-PCR products. Frozen tissues yielded more RT-PCR product than did paraffin-embedded tissues. In both frozen and paraffin-embedded tissues, differences were observed between the fixatives.  Precipitive fixatives, such as ethanol and acetone, consistently produced more RT-PCR amplification product than did cross-linking fixatives such as formalin.  Optimal fixation protocols for LCM analysis will facilitate the examination of gene expression in specific cell populations, accelerating investigations of the molecular differences responsible for the phenotypic changes observed during carcinogenesis.
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BACKGROUND: The next phase of the molecular revolution will bring functional genomics down to the level of individual cells in a tissue. Laser capture microdissection (LCM) coupled with reverse transcription-polymerase chain reaction (RT-PCR) can measure gene expression in normal, cancerous, injured, or fibrotic tissue. Nevertheless, targeting of specific cells may be difficult by using routine morphologic stains. Immunohistochemistry can identify cells with specific antigens; however, exposure to aqueous solutions destroys 99% of the mRNA. Consequently, there is an overwhelming need to identify specific tissue cells for LCM without mRNA loss. We report on a rapid immunofluorescent LCM (IF-LCM) procedure that allows targeted analysis of gene expression. METHODS: An LCM microscope was outfitted for epifluorescence and light level video microscopy. Heat filters were added to shield the image intensifier from the laser. Frozen sections were fluorescently labeled by a rapid 1-min incubation with anti-Tamm-Horsfall antibody and an ALEXA-linked secondary antibody. Fluorescently labeled thick ascending limb (TAL) cells were detected by low light level video microscopy, captured by LCM, and mRNA was analyzed by RT-PCR for basic amino acid transporter, Tamm-Horsfall protein, and aquaporin-2.  RESULTS: The immunofluorescently identified TAL could be cleanly microdissected without contamination from surrounding tubules. The recovery of RNA following rapid immunofluorescence staining was similar to that obtained following hematoxylin and eosin staining, as assessed by RT-PCR for malate dehydrogenase.  CONCLUSIONS: We conclude that the new apparatus and method for the immunofluorescent labeling of tissue cells targeted for LCM can isolate pure populations of targeted cells from a sea of surrounding cells with highly acceptable preservation of mRNA. Since the TAL is minimally injured after ischemia, identification of the different responses between TAL and surrounding tissue in damaged kidneys may provide new therapeutic targets or agents for the treatment of acute renal failure.
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The completion of the Human Genome Project has made possible the comprehensive analysis of gene expression, and cDNA microarrays are now being employed for expression analysis in cancer cell lines or excised surgical specimens. However, broader application of cDNA microarrays is limited by the amount of RNA required: 50-200 (g of total RNA (T-RNA) and 2-5 (g poly(A) RNA. To broaden the use of cDNA microarrays, some methods aiming at intensifying fluorescence signal have resulted in modest improvement. Methods devoted to amplifying starting poly(A) RNA or cDNA show promise, in that detection can be increased by orders of magnitude. However, despite the common use of these amplification procedures, no systematic assessment of their limits and biases has been documented. We devised a procedure that optimizes amplification of low-abundance RNA samples by combining antisense RNA (aRNA) amplification with a template-switching effect (Clonetech, Palo Alto, CA). The fidelity of aRNA amplified from 1:10,000 to 1:100,000 of commonly used input RNA was comparable to expression profiles observed with conventional poly(A) RNA- or T-RNA-based arrays.
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[Medline record in process]

Defining molecular interactions that occur at the interface between "normal" and

"abnormal" cell populations represents an important but often underexplored aspect of the pathogenesis of diseases with focal origins. Here, we illustrate an approach for conducting such analyses based on mosaic patterns of Cre recombinase expression in the adult mouse intestinal epithelium. Transgenic mice were generated that express Cre in the stem cell niche of crypts located in

specified regions of their intestine. Some of these mice were engineered to allow for doxycycline-inducible Cre expression. Recombination in all pedigrees was mosaic: Cre-expressing crypts that supported recombination in all of their active multipotent stem cells were located adjacent to "control" crypts that did not express Cre at detectable levels. Cre-mediated recombination of a floxed LacZ reporter provided direct evidence that adult small-intestinal crypts contain more than one active multipotent stem cell, and that these cells can be retained in both small-intestinal and colonic crypts for at least 80 d. A method was developed to recover epithelial cells from crypts with or without recombination for subsequent gene expression profiling. Stained sections of intestine were used to create electronic image templates to guide laser capture microdissection (LCM) of adjacent frozen sections. This navigated form of LCM overcomes problems with mRNA degradation encountered when cells are marked directly by immunohistochemical methods. Combining Cre-engineered genetic mosaic mice with navigated-LCM will allow biology and pathobiology to be explored at the junction between normal and perturbed cellular cohorts.
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