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ABSTRACT  With the increased use of gene expression profiling to identify molecular regulators of 
cellular and developmental mechanisms, developmental biologists face a new challenge in dissect-
ing tissues without cross-contamination or change in RNA profile, and with intact RNA integrity. 
We have developed a technique that overcomes these problems. We took the dissection of rudi-
mentary mouse embryonic mammary glands as an example, as these structures are particularly 
difficult to separate from their contiguous ectoderm and strongly adhering mesenchyme. Contrary 
to conventional enzymatic tissue-separation methods, we blocked transcriptional activity prior to 
dissection and protected RNA from degradation during dissection, by the use of RNAlater. While 
RNAlater dehydrates specimens so severely that it interferes with visibility and clean dissection of 
organs or tissues, we established rehydration conditions that in fact facilitated tissue separation 
and shortened dissection time to about 10 minutes. The extracted RNA had an excellent quality, 
rendering it perfectly suitable for transcriptional profiling. Visual inspection of separated tissues 
and tissue specific gene expression analysis by microarray and RT-PCR confirmed that the tissues 
were separated with minimal or no cross-contamination. We show that this dissection method can 
be applied to a broad variety of organs, and that the tissue is still amenable to protein detection. 
In conclusion, this is a rapid, cheap and effective non-enzymatic tissue separation method which 
greatly facilitates the exploration of molecular mechanisms in organ formation. 
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Introduction

Gene expression profiling has become a very popular method to 
identify novel regulators of cell fate decisions and developmental 
processes. To acquire meaningful profiles, two prerequisites must 
be met: The cells of interest have to be obtained with minimal or 
preferably no contamination from other cells and their extracted 
RNA has to be of high quality. 

Obtaining an organ or tissue as a non-contaminated cell popula-
tion from an organism can be challenging. Especially when the organ 
or tissue of interest is small, any contamination by adjacent tissues 
can easily create considerable artefacts in gene expression analysis. 
Examples of such challenging tissues are mouse embryonic skin 
appendages such as mammary rudiments (Mikkola, 2007, Tucker, 
2007, Veltmaat et al., 2003). They arise around E11.5 as placodal 
structures without clear boundaries in the surface ectoderm of the 
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flank (Fig. 1A). One day later, the placodes have transformed into 
hillocks or buds as small as 100 to 200 mm in diameter (Fig. 1B). 
While the boundaries of the mammary rudiment are now clearer, 
which facilitates dissection, the rudiments are still in continuum with 
the adjacent surface ectoderm, and they are tightly connected to 
the surrounding mesenchyme. With plain microsurgical techniques, 
the mesenchyme cannot be separated from the overlying ectoderm 
with appendages, or from the underlying somites.

To date, methods to separate these — and other — epithelia 
from their adjacent mesenchyme rely on digestion of the bonds 
between epithelium and mesenchyme by exogenously applied en-
zymes, followed by recovery in serum and subsequent microsurgical 
separation (Kratochwil and Schwartz, 1976). Such enzymatic tissue 
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separation is compatible with preservation of tissue viability, and is 
therefore an advantageous method of separation if tissues are to 
be used in e.g. heterotypic tissue recombination and culture assays 
(Kratochwil and Schwartz, 1976). Although this method may also 
be used for gene expression analysis (Wansbury et al., 2011), it 
then has the disadvantage of requiring additional control samples 
and validation steps, because the treatments and dissection time 
allow ample opportunity for transcriptional responses to occur (Amit 
et al., 2007). Blocking RNA transcription by intermediate lysis is 
incompatible with subsequent separation of joined tissues. Other 
conventional methods to block transcription, e.g. tissue fixation 
and snap-freezing, are compatible with laser capture microdissec-
tion (LCM) to isolate the cells or tissue of interest for subsequent 
RNA analysis (Emmert-Buck et al., 1996), but LCM has several 
disadvantages: The equipment is expensive; LCM itself is a time-
consuming method as it requires embedding and sectioning of 
the specimens, and staining of the sections; the amount of work 
is multiplied with every section from which the tissue has to be 
dissected; and these manipulations and the time involved result 
in RNA degradation and consequential bias in gene expression 
profiling analysis, in particular when the microdissected areas 
are small and dissected with a UV laser (Copois et al., 2007). We 
sought to develop a tissue isolation technique that bypasses all 
problems associated with the aforementioned techniques.

We reached our goal by collecting mouse embryos in RNAlater 
to block RNA transcription and degradation. Although RNAlater 
severely dehydrates specimens, making recognition and dissection 
of tissues impossible, we identified an optimal partial rehydration 
condition which preserves RNA integrity while making individual 
organs and tissues visible again. Under these conditions, we repro-
ducibly and cleanly separated the mammary rudiments, ectoderm 
and mesenchyme from each other via microsurgical techniques, 
and obtained good RNA yields with excellent integrity. We show 
that this technique is applicable to other organs and tissues as 
well. As moreover, this dissection technique requires no special-
ized expensive equipment, and is carried out much more rapidly 
than enzymatic dissection techniques, it is an excellent alterna-
tive to existing methods for molecular studies of developmental 
mechanisms.

Experimental Protocols

RNase-free experimental environments
Working surfaces (e.g. Bench and stereoscope) were wiped with 

RNase AWAY (Molecular BioProduct). All the dissecting instruments 
(e.g. forceps, knives, scissors and spoon) were sterilized using 
GERMINATOR 500 (Cellpoint Scientific) for 30 min and cleaned 
with RNase AWAY. PBS with Mg2+ and Ca2+ (Sigma-Aldrich) was 
treated overnight with 1/1000 (v/v) Diethylpyrocarbonate (DEPC) 
(Invitrogen), and autoclaved. Hereafter it is referred to as DEPC-
PBS+/+. Gloves were worn at all times and replaced regularly.

Mouse breeding and embryo collection in RNAlater
C57Bl/6J mice were maintained according to IACUC regulations, 

under normal day-night cycle, with food and water ad libitum. At the 
day a vaginal plug was observed during timed matings, noon was 
considered embryonic day (E) 0.5. Female mice were sacrificed by 
cervical dislocation at the required day of pregnancy. The embryos 
were then collected and washed 3 times in fresh batches of cold 

DEPC-PBS+/+. After a brief rinse with RNAlater, the embryos were 
transferred into 5 to 10 volumes of RNAlater (Ambion) to be kept at 
4℃ overnight, divided over several microfuge tubes (e.g. 2 E13.5 
or 3 E12.5 embryos per 2 ml tube with RNAlater) and stored at 
-80℃ until further use. 

Microdissection and lysis of ectoderm, mammary buds, and 
dermal mesenchyme

Tubes containing embryos in RNAlater were thawed on ice 
and embryos were transferred one at a time to a 35 mm petri-dish 
containing sufficient RNAlater at room temperature to submerge 
the embryo (Fig. 1C). Microdissection was then performed under 
the Leica MZ16 stereoscope.

Rough dissection 
The head and tail were cut off, after which the remainder of the 

embryo was cut into half along the neural tube and ventral midline, 
using two Graeffe knives. Then the limb buds and internal organs 
were removed with two pairs of #5 Dumont forceps. Somitic me-
soderm was further peeled away with the forceps until both flanks 
consisted of only ectoderm and dermal mesenchyme (Fig. 1D). At 
this moment the mammary buds could not be observed because 
of the extreme dehydrating effect of RNAlater, which also made 
separation of ectoderm and mesenchyme still difficult (Fig. 1E). 

Rehydration and precise dissection
One of the cleared flanks was transferred to a new 35 mm 

petri-dish containing 40% RNAlater (4 volumes RNAlater and 6 
volumes DEPC-PBS+/+). This facilitated rehydration of the tissue 
within 5 minutes, such that the ectoderm could easily be peeled 
off from the underlying mesenchyme using two pairs of #5 Dumont 
forceps. Meanwhile, the five mammary buds became visible (Fig. 
1F). During separation of the ectoderm from the mesenchyme, 
mammary buds 1, 2, 4, and 5 remained attached to the adjacent 
ectoderm, from which they were subsequently carefully removed 
using forceps (Fig. 1G). However, most often bud 3 broke off from 
the ectoderm and was retained by the mesenchyme. It was easily 
liberated by placing the two ‘legs’ of the forceps in the mesenchyme 
on either side of the bud and lightly squeezing the mesenchyme. 
After bud collection, cup shaped cavities were observed in the 
mesenchyme where the buds previously resided (Fig. 1G). Mes-
enchymal samples were collected by placing the legs of one pair 
of Dumont #5 forceps at opposite positions in the mesenchyme 
very close to the edge of a cavity, and squeezing the tips together. 

TABLE 1

PRIMER SEQUENCES

Gene Primer sequence (5'---->3') 
Product  

length (bp) 
Reference 
sequence 

Krt5 F: CTCCAGGAACCATCATGTCTCGCCAGTC 
R: CACCACCGAAGCCAAAGCCACTACCAG 

354 NM_027011 

Edar F: CGACGCTGAGTGTGGCCCAT 
R: GTCACCACACTGTCTGGGGCCT 

417 NM_010100 

Pthlh F: CCCTCGCATCCACGACACGC 
R: GACACAGCGCGTTTGAGCCTG 

558 NM_008970 

Pth1r F: GCAGAGATTAGGAAGTCTTGGA 
R: AGCCGTCGTCCTTGGGAACTGT 

280 NM_011199 

Twist2 F: CCCCACGCTCCCCTCTGACAA 
R: TGTGCAGGTGGGTCCTGGCTT 

258 NM_007855 

Trp63 F: TCAGTTGGAGCAAGGGGGACA 
R: GGGGTTTCTATGAAACGCTGGATGT 

528 NM_001127259 
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While the specimen was held down with another forceps, the 
cavity was then pulled out, with some surrounding mesenchyme 
remaining attached to it (Fig. 1H). By visual inspection, the attached 
mesenchyme consisted primarily of the more dense mesenchyme, 
which is otherwise known as the mammary mesenchyme based on 
its higher condensation, and expression of differentiation markers 
such as Estrogen Receptor and Androgen Receptor that are absent 
from the dermal mesenchyme (Fig. 1B). The thickness and shape 
of the collected mesenchymal cups varied slightly, along with the 
variation in shape of the five mammary buds and their adjacent 
mammary mesenchyme (Lee et al., 2011), but was fairly consistent 
among replicates of the same bud.

Lysis 
The dissected tissues were aspirated immediately after dis-

section with a minimal (e.g. 2 ml) volume of 40% RNAlater using 
a 0.5-10 ml pipette, and released into 50 to 100 ml RLT plus lysis 
buffer from the RNeasy Micro Plus Kit (Qiagen).

RNA isolation and cDNA microarray
Total RNA was extracted using the RNeasy Micro Plus Kit (Qia-

gen). Briefly, the mammary buds (10 per embryo), their adjacent 
ectoderm and mesenchyme from 3 embryos were pooled by tissue 
type and lysed in 350 ml lysis buffer respectively, and total RNA 
was eluted in 14 ml of Elution buffer. RNA concentrations were 
determined using the NanoDrop ND-1000 (Thermo Scientific); 
concentrations of mammary bud RNA were above 3.3 ng/ml or 1.1 
to 1.67 ng RNA per bud. RNA quality was analyzed by RNA electro-
phoresis on RNA 6000 Pico Chips in the Agilent 2100 Bioanalyzer 
(Agilent Technologies). 10 ng of total RNA with RIN > 9 were used 
to initiate cDNA amplification using the WT-Ovation™ Pico RNA 
Amplification System (NuGene Technologies). 3 mg of amplified 
cDNA were converted to sense strand cDNA using WT-Ovation™ 
Exon Module (NuGene Technologies) followed by fragmentation 
and labeling with FL-Ovation™ cDNA Biotin Module V2 (NuGene 
Technologies). The biotin-labeled cDNA fragments were hybrid-
ized to Affymetrix Mouse Gene 1.0 ST Array chips (Affymetrix). 

Fig. 1. Microdissection of ectodermal appendages from E12.5 mouse embryo. (A,B) Images of 6 mm sections of 4%PFA fixed, paraffin embedded 
mouse embryos showing part of the flank with the boundary of a mammary rudiment indicated by the yellow dashed line. (A) Haematoxylin/Eosin 
stained section visualizing an E11.5 mammary placode and its lack of a clear boundary with the surface ectoderm. (B) Haematoxylin counterstained 
section showing an E12.5 mammary bud as a distinct epithelial entity within the surface ectoderm, and visualizing the mammary mesenchyme by 
detection of Androgen Receptor expression (black). (C-L) Microdissection procedure of E12.5 mammary buds. (C) Whole embryo in 100% RNAlater. 
The area for microdissection is indicated with the rectangle. (D) Embryonic flanks microdissected in 100% RNAlater. (E) A higher magnification of a 
flank in 100% RNAlater shows invisibility of the mammary rudiments under these conditions. (F) Visibility of mammary buds (arrows) after 5 minutes 
partial rehydration in 40% RNAlater in DEPC-PBS+/+. (G) Ectoderm was easily peeled off and folded back over the mesenchyme. Mammary buds are 
numbered in black, with number 1, 2, 4, and 5 still attached to the ectoderm, while number 3 had remained behind in the mesenchyme from which it 
was subsequently released. Light circular areas 1’, 2’ and 3’ are cup shaped cavities in the mesenchyme where mammary rudiments 1, 2 and 3 resided 
prior to tissue separation. (H) Completely isolated mammary buds and their adjacent ectoderm and mesenchyme. (I-J) Microdissection of whisker fol-
licles (yellow open arrow). (K-L) Microdissection of submandibular salivary gland (s) and tooth buds (in, incisor; mo, molar). Bud, mammary bud; DM, 
dermal mesenchyme; Ect, surface ectoderm; Mes, mesenchyme. Scale bars: (A,B) 50 mm; (C,D) 500 mm; (E-L) 200 mm.
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and fixed with 4% PFA for 15 min. The tissue was then blocked for 
1h at room temperature with 5% goat serum/0.1% Triton X-100 
and incubated with rabbit anti-Keratin 5 (1:1000, Covance) and 
rat anti-E-cadherin (1:200, Invitrogen) at 4°C overnight. After a 
wash with PBS, the ectoderm was incubated with Alexa Fluor 546 
donkey anti-rabbit IgG and Alexa Fluor 488 donkey anti-rat (1:200, 
Invitrogen) for 1h at room temperature. The staining was observed 
with the Olympus FluoViewTM FV1000 Confocal Microscope.

Results and Discussion

To preserve the transcriptome as similar as possible to the status 
quo in utero and prevent experimentally induced transcriptional 
changes, we collected whole mouse embryos in RNAlater, which 
limits RNA degradation and transcription by quickly permeating 
tissue and denaturing cellular proteins (http://www.ambion.com/
techlib/prot/bp_7020.pdf). However, RNAlater severely dehydrated 
the embryo (Fig. 1C), therewith interfering with the visibility and 
separation of structures, especially those as small as e.g. E12.5 
mammary buds. To overcome this obstacle, we incubated tissues 
at varying ratios of RNAlater:DEPC-PBS+/+, and found that a 4:6 
volume ratio, i.e. 40% RNAlater, provides sufficient rehydration 
to visualize the mammary rudiments. By then, adhesion between 
epithelia and mesenchyme was also weakened, facilitating easy 
microsurgical separation of the buds, ectoderm and mesenchyme 

Fig. 2. RNA quality analyzed on Agilent RNA 6000 Pico Chips. (A-F) RNA quality of samples rehy-
drated in DEPC-PBS+/+ (A-C) or 40% RNAlater (D-F). The y-axis of the electropherograms represents 
RNA fluorescence units [FU], and the x-axis represents the nucleotide [nt] length of the RNA. (G) Elec-
trophoresis map generated by the Agilent bioanalyzer showing the consistently excellent RNA quality 
obtained by our microdissection method in 40% RNAlater. Ect, surface ectoderm; Mes, mesenchyme; 
Bud, mammary bud.

from each other (Fig. 1G-H). With this 
method, a trained person can dissect 
all tissue samples from one flank within 
10 minutes. Other ectodermal append-
ages, such as whisker follicles, sub-
mandibular salivary glands and teeth 
at bud stage at E12.5 (Fig. 1I-L) and 
E13.5, and other organs such as dorsal 
root ganglia, emerging ribs, bones and 
large vessels, can be equally easily dis-
sected from their surrounding tissues. 
Thus, our method of tissue collection is 
rapid, easy and transferable to a broad 
range of tissues.

To assess whether 40% RNAlater 
can protect RNA from degradation, we 
rehydrated the flanks in DEPC-PBS+/+ 
only or in 40% RNAlater. Tissues dis-
sected from flanks in DEPC-PBS+/+ 
yielded RNA with RNA Integrity Num-
bers (RINs) between 4 and 5, indicating 
RNA breakdown (Fig. 2A-C). However, 
tissues that were dissected in 40% 
RNAlater consistently yielded RIN 
values above 9, or even reaching the 
maximum of 10, indicating that RNA is 
preserved in excellent quality with this 
dissection method (Fig. 2D-G). Thus, 
the use of 40% RNAlater nicely com-
bines the need for tissue rehydration 
and visualization with retention of an 
excellent RNA integrity.

The purity (i.e. tissue specificity) 

All techniques were performed per manufacturers’instructions. 
Microarray data from five independent pools of each tissue were 
analyzed using the Partek Genomics Suite (Partek).

RT-PCR
Total RNA was isolated from E12.5 microdissected tissues as 

described above. cDNA was prepared from 10 ng of total RNA 
using the SuperScript® III First-Strand Synthesis System (Invitro-
gen). 0.5 ml of the amplified cDNA was used in each PCR reaction 
under the following conditions: 94 ℃ for 5 min; 30 cycles of 94 
℃ for 30 sec, 58 ℃ for 30 sec, 72 ℃ for 1 min; 72 ℃ for 10 min. 
b-actin was used as the internal control. Sequences of primers 
were listed in Table 1. Forward (F) primer and Reverse (R) primer 
are located at different exons, to distinguish between cDNA-based 
amplicons and genomic DNA based amplicons (if any).

Immuno-detection of protein expression
Paraffin sections of 4% PFA-fixed embryos were subjected 

to a standard immunohistochemistry protocol with citrate-based 
antigen retrieval preceding incubation with rabbit anti-Androgen 
receptor (1:100, Millipore), donkey anti-rabbit HRP (1:500, Jackson 
Laboratories) and the substrate diaminobenzidine (DAB).

The ectoderm with attached mammary buds was peeled off the 
embryonic flank using our new method; spread and pinched on a 
polyethylene tissue culture coverslip (Sarstedt); rinsed with PBS; 
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Fig. 3. Gene expression analysis revealed specificity and efficiency of microdissection. (A-C) Microarray analysis of 5 independent pools of 
E12.5 mammary buds (B or Bud), adjacent surface ectoderm (E or Ect) and mesenchyme (M or Mes). (A) PCA analysis and (B) hierarchical clustering 
grouped samples by tissue regardless of batch. (C) Clustering analysis of microarray data and (D) RT-PCR analysis of RNA from E12.5 mammary buds, 
adjacent ectoderm and mesenchyme show the correct tissue-specific expression patterns of known markers for mammary epithelium, epithelium, or 
mesenchyme. Ladder: 100 bp ladder.

of input RNA is another key factor for accurate gene expression 
profiling. We had dissected the mammary buds, ectoderm and 
mesenchyme without visible adhering neighbouring tissues (Fig. 
1H), suggesting that the extracted RNA samples would be pure. We 
verified the purity by using the RNA samples of five independent 
pools of each tissue type for gene expression analysis via cDNA 
microarrays. Principal component analysis (PCA) (Fig. 3A) and 
hierarchical clustering (Fig. 3B), both grouped samples by tissue 
type without batch effect, indicating an effective separation of mam-
mary buds, ectoderm and mesenchyme. The effective separation 
was furthermore suggested by the hierarchy map showing that the 
expression profile of mammary buds is closer to ectoderm than to 
mesenchyme (Fig. 3B), which is in accordance with the mammary 
gland being derived from the ectoderm (Cunha and Hom, 1996). 
These results may suggest that tissue cross-contamination was 
minimal to non-existent.

Individual gene expression analysis revealed that the relative 
expression of known early mammary epithelial markers such as 
Wnt10b (Veltmaat et al., 2004), Gata3 (Asselin-Labat et al., 2007), 
Nrg3 (Howard et al., 2005), Pthlh (Dunbar et al., 1999), Edar 
(Pispa et al., 2003), Msx1 (Phippard et al., 1996), and b-catenin 
(Chu et al., 2004), was indeed high in the mammary bud samples. 

Furthermore, expression of genes known to be expressed in the 
dermal and mammary mesenchyme such as Fgf7, Pthlh recep-
tor (Pth1r), Twist2, or in the mammary mesenchyme only, such 
as Estrogen receptor (Esr1) and Androgen receptor (Ar) (Dillon 
et al., 2004, Dunbar et al., 1999, Heckman et al., 2007, Li et al., 
1995), was high in the mesenchymal samples (Fig. 3C). Finally, 
expression of Trp63, Krt5 and Krt14, all markers for stratified 
epithelium, was high in both the mammary bud and ectoderm 
but not the mesenchymal samples (Byrne et al., 1994, Mills et 
al., 1999), all as expected. RT-PCR of six tissue-specific markers 
yielded amplicons in the expected tissue-specific manner (Fig. 3D), 
further confirming the high tissue purity, as already suggested by 
visual inspection. 

Immunofluorescent detection of E-cadherin and Keratin5, well-
known markers of the ectoderm and mammary rudiments, shows 
that harvest and storage of specimens in RNAlater is compatible 
with epitope recognition by antibodies (Fig. 4). Therefore, this 
method of tissue separation may also be useful for the confirma-
tion of gene expression data at the level of protein expression in 
situ, as it may render specimens sufficiently thin and transparent 
for direct use in e.g. confocal microscopy and as such prevent 
the need for tissue sectioning. In conclusion, this novel tissue 
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separation technique will greatly facilitate research pertaining to 
the molecular regulation of organ and tissue formation.
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