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AbSTrACT
Paraffin embedding of small, thin tissue samples requires 
specific expertise for optimal orientation before tissue 
sectioning. This study evaluates the real-life utility of the 
agar pre-embedding technique for small skin biopsies 
with regards to lengthening of work times, problems 
in orientation (re-embedding) and ancillary techniques 
(immunohistochemistry and in situ hybridisation) 
between two high work flow pathology laboratories, 
one of which routinely uses the agar pre-embedding 
technique and one which does not. The mean time 
required for pre-embedding in agar was 30.4 s, but 
time for paraffin embedding for agar pre-embedded 
samples was shorter than the traditional method 
(177 vs 296 s; p<0.005). The number of skin samples 
requiring re-embedding was significantly higher with the 
traditional embedding method (p<0.005). No problems 
in immunoreactivity were observed in all 1900 reactions 
performed with 17 different antibodies. Fluorescence 
in situ hybridisation analysis was optimised with a 
prolonged protease K incubation time (21 vs 18 min).

InTroduCTIon
Automation in histopathology laboratories has 
greatly changed our day to day working lives 
enabling a quicker and more standardised work 
flow. However, in histopathology in particular, 
some steps within the entire process are still 
completely dependent on the manual perfor-
mance, accuracy and capability of biomedical 
laboratory staff. In particular, paraffin embed-
ding of tissue samples, especially small and thin 
fragments, requires specific expertise for optimal 
orientation before tissue sectioning. Errors in this 
phase may be addressed by melting the paraffin 
block and re-embedding tissue, but this can result 
in irreversible tissue loss.

For particularly small tissues or those which 
require precise orientation, pre-embedding tech-
niques have been proposed. One of the most used 
mediums is agar,1–4 and this has been used for the 
embedding of various tissue samples.5

Agar is a neutral polysaccharide complex often 
used in bacteriology, extracted from the algae 
red agar Rhodophyceae, and is composed of 
about 70% agarose/30% agaropectin. The point 
of pre-embedding is that the tissue is optimally 
oriented by the pathologist at the time of cut up, 
as tissues can be arranged or oriented as desired, 

and the sample is then fixed in position by 
covering with liquid agar, which then solidifies at 
room temperature. The pre-embedded tissue can 
subsequently be routinely processed and paraffin 
embedded as an agar-encased tissue.

This technique is by no means new, indeed the 
first reports are from the 1960s, however, despite 
objective usefulness it is little used in pathology. 
Perceived increase in cut up times and difficulty in 
managing agar are probably at the base of this as 
well as the possibility that agar may interfere with 
modern ancillary techniques.

In this study, we evaluated the real-life utility of 
the agar pre-embedding technique by comparing 
small skin biopsies in two high work flow 
pathology laboratories. Furthermore, evaluation 
was also extended to verify whether agar pre-em-
bedding leads to problems in immunohistochem-
istry or fluorescence in situ hybridisation (FISH).

MATerIAlS And MeThodS
Agar preparation and agar pre-embedding 
technique
Agar is used as a 1% solution of agarose (Roche, 
Basel, Switzerland) in distilled water. The solution 
is heated till boiling point and the resulting trans-
parent fluid cooled for 24 hours. The agar, after 
its solidification, is divided into cubes and stored 
at 4°C. When necessary, cubes are melted and the 
agar solution is kept liquefied at 60°C on a heating 
plate, ready for use.5 During cut up of small biop-
sies, specimens are placed and oriented on a refrig-
erated plate, and covered with liquid agar using 
a pipette. After a few seconds, the agar solidifies 
and the agar-embedded specimens are moved to 
the tissue cassette, preserving correct orientation. 
After routine processing, the agar pre-embedded 
tissue is finally embedded in paraffin and subse-
quently microtome cut (figure 1).

Comparison of agar pre-embedding technique 
and traditional paraffin embedding of small skin 
biopsies
To verify the advantage of using the agar pre-em-
bedding technique, comparison was carried out 
between two high work flow pathology labo-
ratories, one which routinely uses the agar-par-
affin embedding technique (ASL3—Anatomic 
Pathology, ASL3, Genoa, Italy) for small skin 
biopsies while the other laboratory does not 
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Figure 1 Agar pre-embedding technique. (A) Agar pre-embedded skin tissue samples in the plastic biocassettes. (B) Paraffin embedding of agar pre-
embedded skin sample. (C) Paraffin block with agar pre-embedded skin sample; the white halo surrounding the skin sample is the agar medium.

Table 1 Table showing the number of skin samples sent to the ASL3 
pathology laboratory (ASL3) and to the University of Genoa (UNIV) 
pathology laboratory, both annually and within the 4-month study 
period (mean and range)

number of skin samples

ASl 3 unIV

Per year 3235 5249

4-month study period 1053 1842

Mean per month 263 460

Range 182–347 399–518

(UNIV—Anatomic Pathology, University of Genoa, Genoa, 
Italy).

The following data from both laboratories were collected:
 ► Annual number of small skin biopsies (ASL3 and UNIV) 

and in the 4-month study period (June, July, September and 
October 2017).

 ► Number of small skin biopsies requiring re-embedding for 
tissue mal-orientation in the 4 months listed above (ASL3 
and UNIV). Re-embedding is used as a quantifiable surro-
gate for severe problems in orientation.

 ► Time (mean in seconds) required for agar pre-embedding at 
the grossing station by the pathologist for small skin biopsies 
(evaluation carried out over a period of 1 week).

 ► Time (mean in seconds) required for paraffin embedding by 
an experienced technician for agar pre-embedded samples 
compared with non-agar embedded samples (evaluation 
carried out over a period of 1 week).

Differences in numbers of skin samples requiring paraffin 
re-embedding were compared between agar pre-embedded 
and traditional method using the Χ2 test while differences 
between times at the embedding station were tested using the 
student t-test (p<0.05 for significance).

Immunohistochemistry
Data on all agar pre-embedded skin biopsies which required 
immunohistochemical evaluation were collected from the ASL 3 
laboratory database in 4 months of the study period (June, July, 
September and October 2017). All immunoreactions were carried 
out using the routine, automated immunostainer BenchMark XT 
immunostainer (Ventana Medical Systems, Tucson, Arizona, USA) 
which permits standardised heat and enzymatic pretreatment as per 
protocol; ultraView Universal Alkaline Phosphatase Red Detection 
Kit was used (Ventana Medical Systems). Haematoxylin was used 
for counterstaining.

The following data were collected:
 ► Total number of immunoreactions performed on agar 

pre-embedded small skin biopsies in the 4-month period and 
types of antibodies used.

 ► Number of immunoreactions with problems sufficient to 
cause difficulties in evaluation such as inadequate immu-
noreaction, reduction of signal intensity, non-specific 
immune-signalling. A scoring system from −/− (negative 
immunosignal) to +/+ (strongly positive was used).6

 ► Which antibodies showed insufficient results and any differ-
ences in site of antigen expression (cytoplasmic, membra-
nous, nuclear), antigen retrieval methods (heat or enzymatic 
pretreatment) or antibody characteristics.

Fluorescence in situ hybridisation
Little is known whether agar-encased tissue interferes with in situ 
hybridisation. Eight samples of melanoma on small skin biop-
sies which had been agar pre-embedded were selected. The Vysis 
(Abbott Molecular, Illinois, USA) Melanoma FISH Probe Kit (Vysis 
LSI PREB1/MYB/LSI CCND1/CEP6) is designed to detect copy 
numbers of the RRB1 (chromosome 6p25), MYB (chromosome 
6q23), CCND1(chromosome 11q13) genes and of centromere 6 
via FISH on formalin-fixed, paraffin-embedded tissue specimens 
as an aid in the diagnosis of melanoma.

The in situ hybridisation technique is briefly described below. 
From the selected agar pre-embedded paraffin-blocks, 5-micron 
thick sections were cut on polarised slides and deparaffinised using 
Abbott VP2000 (Abbott Molecular) processor which performs 
standardised preprogrammed protocols for deparaffinisation, 
pretreatment and staining. Considering that agar pre-embedding 
may lead to problems in digestion of the nuclear membrane to 
make DNA sequences available for hybridisation, two different 
protocols were compared. Changes were based on the length of 
incubation time for the protease K digestion step as detailed: (1) 
18 min and (2) 21 min. In situ hybridisation was carried out as 
per protocol and hybridisation by fluorescent signal was evalu-
ated using the fluorescent microscope Olympus BX 61 (Olympus, 
Tokyo, Japan) with the Z-stack image acquisition system (Zeiss, 
Oberkochen, Germany). Only slide adequacy was evaluated using 
the following criteria: (a) probe signal intensity; (b) probe signal 
specificity and (c) background.

reSulTS
Comparison of agar pre-embedding technique versus 
traditional paraffin embedding
A synopsis of the skin sample numbers from both laboratories 
is provided in table 1. The number of skin samples requiring 
re-embedding due to problems in tissue orientation was 
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Figure 2 Immunohistochemistry on agar pre-embedded small skin 
biopsies (magnification X20); ultraView universal alkaline phosphatase 
red detection kit (Ventana Medical Systems). (A) Melan a positivity in 
an invasive malignant melanoma. (B) HMB 45 positivity in an invasive 
malignant melanoma. (C) Cytokeratin 5/6 cytoplasmic positivity in 
normal skin. (D) p16 nuclear and cytoplasmic positivity in a Spitz 
nevus. (E) Ki67 nuclear proliferation marker in a superficial spreading 
melanoma and (F) p63 nuclear positivity in normal skin.

Figure 3 Fluorescent in situ hybridisation using the Vysis Melanoma 
FISH Probe Kit (Abbott Molecular, Illinois, USA). The RRB1 (6p25) probe 
is labelled with Spectrum Red; the MYB (6q23) probe is labelled with 
Spectrum Gold; the CCND1 (11q13) probe is labelled Spectrum Green; 
the CEP 6 probe is labelled Spectrum Aqua. (A) Protease K incubation 
for 18 min showing faint probe signal intensity (but appropriate 
specificity and no background). (B) Protease K incubation for 21 min 
showing more defined and evaluable signal with satisfactory probe 
signal intensity, correct specificity and no background.

significantly different (p<0.00001) between the agar pre-em-
bedding technique (1.42%–15/1053) and the traditional paraf-
fin-embedding method (11.4%–210/1842).

Regarding work times, mean time required for pre-embed-
ding in agar at the time of cut up was 30.4 s, carried out by 
pathologists with more than 10-year experience who have 
been using agar pre-embedding for at least 1 year. At the 
paraffin-embedding station, after processing, the mean time 
for paraffin embedding for agar pre-embedded samples was 
significantly shorter if compared with the traditional method 
(agar pre-embedded tissue—177 s vs traditional paraffin 
embedding—296 s; p<0.005).

Immunohistochemistry
The total number of agar pre-embedded skin samples which 
were submitted for immunohistochemistry in the four study 
months was 463 samples (mean of 116/month) with a total of 
1900 immunoreactions (mean of 475 sections/month).

The following antibodies were requested, showing a wide 
range of differential diagnoses including melanocyte lesion 
markers (HMB-45, MELAN-A, S-100 protein, p16 protein), 
lymphoid (CD20, CD3, CD30, CD4, CD8, light chains 
lambda and kappa), epithelial (wide spectrum cytokeratins—
MNF116, low weight cytokeratins 34βE12) and mesenchymal 
markers (vimentin, smooth muscle actin, CD34) and Ki67 for 
proliferation.

At re-evaluation of quality of immunoreactions, no problems 
sufficient to impair diagnoses were observed (figure 2A–F); 

antibodies for the light chains kappa and lambda showed back-
ground non-specific immunostaining, however, comparison 
with cases with no agar pre-embedding also showed similar 
background staining. No differences between various anti-
bodies, sites of antibody reaction, antigen retrieval methods 
were observed, and overall, the method was comparable to 
immunoreactions performed on non-agar pre-embedded 
tissue.

Fluorescence in situ hybridisation
Samples were processed using the two protease incubation 
protocols described and compared. FISH performed with only 
18 min of protease K time showed a faint probe signal inten-
sity (but appropriate specificity and no background), which 
was difficult or impossible to interpret correctly (figure 3A). 
On the other hand, when protease K incubation time was 
increased to 21 min, this resulted in a more defined and eval-
uable signal with satisfactory probe signal intensity, correct 
specificity and no background (figure 3B).

ConCluSIonS
Optimal orientation of tissue within the paraffin block is 
mandatory for accurate histological diagnosis. Indeed, a 
frequent problem in routine pathology laboratories is the 
incorrect embedding of tissues in paraffin and this is espe-
cially true for small skin biopsies. The older literature from 
the 1960s, 1970s and 1980s proposed a pre-embedding tech-
nique in agar to maintain the precise orientation of tissue 
specimens before paraffin embedding.1–4 Advantages in micro-
tome section preparation have been well documented in small 
tissue biopsies,7–9 ocular biopsies,10 skin samples11 12 and large 
dissection specimens.13 Unfortunately, even though often 
used in cytology14 and biology/botany,15 this technique is by 
no means widespread in routine pathology laboratories as it 
requires instrumentation, all be it simple, and lengthens cut 
up time.

The aim of the current study was to investigate the benefits 
and possible challenges of the agar pre-embedding technique 
when applied to skin samples. Its main purpose was to verify 
whether agar pre-embedding permits optimal orientation of 
small skin samples and to identify whether this technique is 
truly as time consuming as suggested. To be able to objec-
tively quantify potential pitfalls in agar pre-embedding, we 
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compared two high workload pathology laboratories used to 
dealing with numerous specimens daily.

Our data confirms that agar pre-embedding is advantageous 
in terms of orientation, with fewer samples requiring re-em-
bedding due to mal-orientation. What is new is the quantifi-
cation of time necessary for all the stages involved in the agar 
pre-embedding process from the grossing station to paraffin 
inclusion. While the perception that agar pre-embedding 
lengthens cut up times slightly (approximately 30 s/sample) is 
true, time saved at the paraffin-embedding station is about four 
times greater (approximately 119 s). A possible explanation 
for the fact that this time saving in the laboratory has up till 
now been overlooked is that no publication has meticulously 
evaluated the times required for each step in the pathology 
process. Correct tissue orientation coupled with time saving at 
paraffin embedding makes this technique advantageous in high 
workload pathology laboratories.

An added aspect, which confirms other reports in the liter-
ature9 16 is that agar pre-embedding does not affect immu-
nohistochemistry; indeed all reactions proved to be easily 
assessable and reliable. Furthermore, Yadav et al, report that 
coloured inks can be safely used with no undue spread within 
the tissue.17 In situ hybridisation, with easy tweaking of the 
procedure (slight lengthening of protease K incubation), also 
proved to be a safe and reliable method. Reports, admittedly 
from the older literature,18 also show that PCR-based DNA 
analysis techniques are also possible on agar pre-embedded 
tissue, although perhaps re-evaluation should be performed 
using modern molecular biology techniques.

In conclusion, agar pre-embedding of small skin biopsies is 
inexpensive, safe and easy to use and has shown a positive 
impact on orientation without causing problems for ancillary 
techniques. Importantly, a small loss of time in the cut up room 
can be made up in terms of gain in time at the embedding 
station; in an era of quality control (indeed our pathology has 
an active quality control team19 20), being able to objectively 
collect this kind of data is fundamental for the improvement 
and safety of pathology laboratory output.

Take home messages

 ► The agar pre-embedding technique for small skin biopsies 
resolves problems in orientation.

 ► It substantially shortens paraffin embedding times while only 
slightly lengthening cut up times.

 ► Immunohistochemistry and in situ hybridization are not 
affected by agar pre-embedding.

handling editor Dhirendra Govender.
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