
 

Human skin model shows signaling pathway
effects from low dose exposure
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Upper panel: Stained tissue section for EdU incorporation with Alexa
488-fluorescent coupled antibody (green) indicating cells that synthesize DNA
and DNA in blue, 20x. EdU is a nucleoside analog of thymidine and is
incorporated into DNA during synthesis and repair. Lower panel: Percentage of
EdU-positive nuclei per tissue section for epidermal keratinocytes and dermal
fibroblasts 24 and 72 hrs post exposure to 3, 10, 50 and 200 cGy. Mean values
with standard error of the mean for three (0, 3, 50 cGy) or six (10, 200 cGy)
biological replicates each. * p values 

(Medical Xpress) -- In studies on a human skin tissue model, researchers at
Pacific Northwest National Laboratory used a systems biology approach to show
that an ionizing radiation dose mimicking that received during a CT scan is
sufficient to alter genes in two cell layers. The epidermis is the outer skin layer,
and the dermis is beneath it. The researchers found 1452 genes altered in the
dermis and 428 genes altered in the epidermis. Genes altered in the two layers
showed little overlap, but the affected signaling pathways were similar.
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These results were found to be in good agreement with human in vivo data,
which suggests that the 3D human skin tissue model, though greatly simplified,
provides a faithful representation of intact tissue.  It further highlights the need
for cell type-dependent analysis, because the involved cell layers showed
differences in their response at the gene, protein, and cellular levels.

Medical exposures are the primary source of non-background radiation exposure
in the U.S., and more than 70 million CT scans are performed annually. These
scans result in organ doses between 5-100 milliSievert (equals 5-100 centiGrays,
or cGy). A second source of radiation exposures is doses in the normal tissue
during radiotherapy treatments.

Current risk estimates for developing radiation-induced cancer and other health
problems are extrapolated from high dose exposure data, and large uncertainty
exists in defining the dose-response relationship in the low-dose region. The
exposure scenario in this study (10 cGy) mimics the dose limit for a full body
spiral CT and the skin dose in radiotherapy procedures.

The scientists performed a microarray study on a 3D reconstituted human skin
tissue model. They used quantitative reverse transcription polymerase chain
reaction (qRT-PCR) to validate the microarray data.

They then analyzed the proliferation profile and the expression of proliferating
cell nuclear antigen (PCNA) in both layers and found that 50 or 200 cGy of 
ionizing radiation exposure decreased the percentage of proliferating cells in the
epidermis, while 3 or 10 cGy were insufficient to induce the same effect. Later,
samples exposed to 50 cGy returned to control levels; however, the 10- and
200-cGy exposures still showed decreased proliferation compared to the control.
No significant changes could be detected in the dermis because of the low
numbers of proliferating cells.

PCNA expression increased significantly in 10 and 200 cGy exposed samples
before returning to control level. No statistical significant change in apoptosis
was detected, which suggests PCNA involvement in DNA repair and synthesis
instead of apoptosis.

The scientists want to study radiation quality effects on the differentiation
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profile of the cells in the epidermis. Differentiating cells are no longer active but
provide important structural proteins, and in their terminal differentiated state,
they form the skin barrier. A breakdown of the skin barrier function can lead to
fluid loss and invasion of pathogenic germs. They intend to investigate if
radiation-induced alterations in proliferation affect the differentiation process
and lead to skin barrier damage.

  More information: von Neubeck C, et al. 2012. "Cell type-dependent gene
transcription profile in a three-dimensional human skin tissue model exposed to
low doses of ionizing radiation: Implications for medical exposures." 
Environmental and Molecular Mutagenesis 53(4):247-259. DOI:
10.1002/em.21682
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