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Digital data communication has become an important part of 
various fields in medicine and biology. Laser capture microdissection 
(LCM) is a useful method for collecting the selected cells for DNA, 
RNA and protein analysis. LCM can be performed on different types 
of samples including cryosections, formalin fixed paraffin embedded 
(FFPE) materials, native tissue, live cells, blood smears, cytologic 
preparations and chromosomes and more. The advanced LCM 
with PALM MicroBeam is a state-of-the-art computer-aided light 
microscopy system enabling contamination-free sampling for isolating 
cell populations from heterogeneous tissues quickly and reproducibly 
(Carl Zeiss). It is important to note that the system requires users 
with essential professional skills for morphological recognition of the 
target cell populations to achieve the maximum possible precision 
of the isolated cells. The system is particularly useful for diagnostic 
pathologists or other professionals. In this study we tested the video-
coupled LCM with PALM MicroBeam as a powerful approach for live 
digital data communication, including real time monitoring, retrieving 
and analyzing the precision and accuracy of the laser ablated cells in 
biomedical researches.

The study was conducted with the approval of the institutional 
ethical review board. Both cryosections (n=6) and paraffin sections 
(n=6) from clinical glioma specimens were used. Normal glass slides 
were oven baked at 150°C for at least 6 hours prior to mounting the tissue 
slices (5µm) on a baked glass slide. The collection tubes are certified 
free of human DNA, RNase, DNase, and endotoxins (AB-0350, 
Thermo Fisher Scientific Inc). Generally, the samples used for LCM 
could be either hematoxylin-eosin (HE) stained, or immunostained, or 
unstained. HE staining is normally sufficient for recognition of those 
cell populations with unique morphology by diagnostic pathologists 

or other morphologists, e.g. gemistocytes, multinucleated giant cells, 
epithelial cells, myocytes, neurons, osteocytes and so on. In contrast 
to HE or unstained samples, immunostaining facilitates the selection 
precision for isolating the targeted cell population. While it is 
important to realize that the approach is costly and time-consuming. 
It is possible to increase the risk of degradation of nucleic acids and/
or proteins during the staining processes. Precaution should be taken 
in this regards prior to use. However, immunostaining is required for 
isolating cells with ill-defined morphology which are not precisely 
detected by routine HE stain. 

Purification of selected cell populations from heterogeneous 
samples prior to further investigations is important for cell-lineage 
specific analysis in biomedical research. Particularly in cancer research 
targeting of cells of interest is important because contamination 
from unwanted cells may shift the results and conceal the signals 
of the relevant cells. DNA/RNA/protein isolation and sequencing 
from unselected/mixed cell populations pollute molecular profiles 

Video 1: Simultaneous isolation of the nuclei and the cytoplasm of individual 
gemistocytes on paraffin section. Gemistocytes in a human glioma are stained 
by HE and visualized under a 63X objective. Whole cell bodies of the selected 
individual cells containing the nucleus and cytoplasm were captured and 
micro-ablated by PALM MicroBeam. The video data can be accessed by using 
QuickTime.

Video 2: Isolation of the nuclei of individual gemistocytes on paraffin section. 
Gemistocytes in a human glioma are stained by HE and visualized under a 63X 
objective. The nuclei of the selected gemistocytes are selectively captured and 
micro-ablated by PALM MicroBeam. The video data can be accessed by using 
QuickTime. 
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among different cell populations [1] rather than sharply unraveling 
the molecular characteristics from a unique cell population. PALM 
MicroBeam system (Carl Zeiss) empowers researchers to precisely 
target and select cell populations, and allows micromanipulation 
down to the subcellular level. In this study, we show the live processes 
of isolation of microglia and gemistocytes from human glioma 
samples by video-coupled LCM with PALM MicroBeam. To achieve 
a high-resolution visualization of the selected cell populations, the 
microscope objective was set at 63x magnification for visualization of 
all the tissue sections used in this study. Dependent on the nature of 
subsequent experiments, the selected cells could be isolated entirely 
containing cytoplasm and nuclei (Videos 1,4), or alternatively nuclei 
(Video 2) or cytoplasm (Video 3) are focused. Gemistocytes have 
unique morphological features consisting of abundant cytoplasm and 
an eccentric nucleus, and may contain two or more nuclei in the cell, 
and they are readily to be recognized in HE stained sections (Videos 
1-3). Gemistocytes are absent in normal central nervous system 
(CNS), but appear in a variety of CNS diseases including gliomas, 
leukoencephalopathy, reactive gliosis in infection, inflammation and 
demyelinating disease [2]. Gemistocytes are generally considered 
as reactive and/or neoplastic astrocytes characterized by expression 

of glial fibrillary acidic protein (GFAP) [3]. While they also express 
major histocompatibility complex (MHC) class II molecules [4], a 
well-known family of molecules normally found only on immune 
cells. Further investigations using homogeneous populations of 
gemistocytes are required for addressing the origin(s) and biological 
role(s) of gemistocytes in various categories of CNS diseases and most 
importantly in brain tumours. Microglia are the resident macrophages 
in CNS and are implicated in almost all neuropathological processes, 
including CNS inflammation, neurodegenerative diseases and brain 
tumours. Morphologically microglia demonstrate a versatile spectrum 
of the phenotypes [5]. HE staining is usually insufficient for detection 
of the full spectrum of microglial phenotypes. We used CD68 as before 
[6] for identifying microglia/macrophages (Video 4). A validation 
experiment by RT-PCR was used for confirmation of the purity from 
the LCM-derived cells. For example: the source materials obtained 
from the CD68-immunopositive cells express CD68 mRNA but 
not GFAP (Figure 1). Extraction of RNA and generation of cDNA 
were as described before [7,8]. The sequences of the primer sets as 
described elsewhere for CD68 [9] and for GFAP [10]. Glyceraldehyde 
3-phosphate dehydrogenase (GAPD) served as an internal control as 
in our previous studies [7,8]. All of the primers used in this study were 
commercially synthesized (Invitrogen, Carlsbad, CA).

 In conclusion, the study shows that video-coupled LCM with 
PALM MicroBeam is very powerful approach for live digital data 
communication, including monitoring, retrieving and analyzing 
real time data in biomedical research, but also it could be useful as 
educational tools for digitally training of non-professional users for 
efficiently using the system. 
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Video 3: Isolation of the cytoplasm of individual gemistocytes on paraffin section. 
Gemistocytes in a human glioma are stained by HE and visualized under a 63X 
objective.  The Cytoplasm of the selected gemistocytes is selectively captured 
and micro-ablated by PALM MicroBeam. The video data can be accessed by 
using QuickTime. 

Video 4: Isolation of CD68 labelled microglia/macrophages on frozen 
section. In a frozen section from a human glioma, microglia/macrophages are 
immunolabelled with CD68 and visualized under a 63X objective. The selected 
cells containing the nuclei and the cytoplasm are captured and micro-ablated by 
PALM MicroBeam. The video data can be accessed by using QuickTime.

Figure 1: CD68-immunopositive cells isolated by LCM with PALM express 
CD68 mRNA but not GFAP as assessed by RT-PCR.  GAPD is used as 
internal control. The positive controls for expression of CD68 (human peripheral 
blood leukocytes) and GFAP (human autopsy brain) are included in the RT-PCR 
experiments as shown in panel C. The obtained CD68-immunopositive cells by 
LCM with PALM express CD68 mRNA but not GFAP as shown in panels A, B 
and D. 
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