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or even millions of usually heterogeneous 
cells. Unfortunately, this approach did 
not adequately reflect the properties of 

individual cell types. Furthermore, con-
ventional methods could not be applied 
whenever very small amounts of starting 
material were available.

Lately, new sample preparation proto-
cols have been developed which are spe-
cifically suited for processing small sam-
ples. Applying these protocols, it is now 
possible to substantially reduce the num-
ber of cells down to the level of dozens or 
even single cells. These new procedures 
perfectly meet the demand of scientists 
wishing to analyze gene expression in 
small samples.

This is especially true in settings 
where only limited amounts of starting 
material are available (e.g. fine needle 
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Scientists have long dreamed about 

analyzing gene expression on a single-

cell level. Due to recent advancements 

in sample preparation techniques, this 

type of analysis has at last become 

feasible. 

Researchers can now start with tiny 

amounts of material and even pick 

specific cell types from heterogeneous 

samples for downstream gene expres-

sion analysis.

Addressing the Problem of  
Small Samples

Until recently, it was only possible to ana-
lyze gene expression of large cell popula-
tions utilizing bulk-scale methods, be-
cause substantial amounts of input total 
RNA were needed for subsequent expres-
sion analysis. In this way, average values 
were measured across many thousands 

Fig. 1: Example of a laser-capture microdissection (LCM) process:
A selected area of a kidney tissue section on a MembraneSlide is laser-cut and catapulted into a 
collection device (left to right). Images kindly provided by Carl Zeiss MicroImaging.



analyze even smallest 
amounts of sample with an 
unprecedented specificity and 
sensitivity.   
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aspiration biopsies) or where 
the interest lies on specifically 
selected cells (e.g. microdis-
section or fluorescence-acti-
vated cell sorting (FACS)).

In tumor research, for ex-
ample, samples are typically 
available in the format of tis-
sue sections on glass slides, 
where the tumor cells lie dis-
persed within a complex ma-
trix of stroma cells. Laser-
capture microdissection 
(LCM) is the method of choice 
to specifically identify and 
isolate the cells of interest 
only (fig. 1) [1].

How to Analyze Gene Ex-
pression of Small Samples

To determine expression lev-
els of a selected set of genes, 
quantitative real-time PCR 
(qPCR) is the method of choice 
[2]. Researchers are intrigued 
by the newly arisen option to 
apply this gold-standard tech-
nology to extremely small 
sample sizes.

After collecting minute 
samples using the methods 
described above, total RNA is 
released from cells and con-
verted to cDNA by reverse 
transcription. cDNA is then 
subjected to dedicated pre-
amplification procedures 
which effectively increase the 
number of target molecules in 
the sample. Pre-amplified 
cDNA is then analyzed by 
standard qPCR. This analysis 
is based on the use of TaqMan 
assays, which consist of a pair 
of transcript-specific primers 
and a fluorescently-labeled 
TaqMan probe. This setup al-
lows to monitor the course of 
PCR amplification in real-
time.

TaqMan assays for the 
transcripts of interest as well 
as for one or more housekeep-
ing genes are employed in or-
der to generate quantitative 
expression data. The use of 
housekeeping genes offers the 
option to normalize qPCR data 
across different amounts of in-
put material. By comparing 
different samples, relative 
gene expression levels can be 
derived. As an example, this 

method can readily be applied 
to cells from metastasizing 
and non-metastasizing tumors 
separated by LCM to elucidate 
characteristic changes in gene 
expression levels.

Reliably Detecting Gene 
Expression Profiles in Small 
Samples

Before starting gene expres-
sion experiments from small 
samples, it is essential to have 
a reliable sample preparation 
workflow at hand. Therefore, 
IMGM Laboratories has en-
tered a partnership with Carl 
Zeiss MicroImaging, experts 
in the field of non-contact 
LCM. To cover the different 
steps involved in a small sam-
ple study, the team of Carl 
Zeiss MicroImaging takes 
care of cell catapulting and 
IMGM is responsible for gene 
expression analysis.

In our proof-of-concept 
study, we were able to demon-
strate that gene expression 
analysis starting from very low 
cell numbers down to single 
cells yields valid data (fig. 2).

Based on this positive out-
come, IMGM Laboratories and 
Carl Zeiss MicroImaging have 

decided to offer an integrated 
service. Researchers will thus 
be able to outsource their ex-
pression study to experts in 
the fields of small sample 
preparation and qPCR in or-
der to gain new insights into 
gene expression changes in 
their precious samples.

Global Gene Expression 
Analysis of Small Samples

In contrast to qPCR, where 
the focus lies on limited sets 
of genes, microarrays are de-
signed as screening tools for 
global gene expression analy-
sis. Recent advancements in 
pre-amplification technolo-
gies have paved the way to-
wards microarray-based 
analysis of small samples 
down to single cells.

In addition, initial experi-
ments suggest that minute 
samples can even be fed into 
the next-generation sequenc-
ing pipeline, which would of-
fer the chance to analyze the 
whole transcriptome includ-
ing splice variants and un-
known sequences [3].

Taking into account the re-
cent advancements in tech-
nology, researchers can today 

Fig. 2: Successful qPCR amplification of three different target genes (GUSB, RPA1 and EIF4G2) from a single HepG2 
cell collected by non-contact LCM. Analysis was performed in duplicates.
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