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Background: Inevitable loss of diagnostic material should be minimized during cell block prepa-
ration. We introduce a modified agarose cell block technique that enables the synthesis of com-
pact cell blocks by using the entirety of a cell pellet without the loss of diagnostic material during
cell block preparations. The feasibility of this technique is illustrated by high-throughput immuno-
cytochemistry using high-density cell block microarray (CMA). Methods: The cell pellets of Sure-
Path residues were pre-embedded in ultra-low gelling temperature agarose gel and re-embedded
in standard agarose gel. They were fixed, processed, and embedded in paraffin using the same
method as tissue sample processing. The resulting agarose cell blocks were trimmed and repre-
sented on a CMA for high-throughput analysis using immunocytochemical staining. Results: The
SurePath residues were effectively and entirely incorporated into compact agarose cell buttons
and embedded in paraffin. Sections of the agarose cell blocks revealed cellularities that correlat-
ed well with corresponding SurePath smears and had immunocytochemical features that were
sufficient for diagnosis of difficult cases. Conclusions: This agarose-based compact cell block
technique enables preparation of high-quality cell blocks by using up the residual SurePath sam-
ples without loss of diagnostic material during cell block preparation.
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microarray

The cell block technique is an important complement to cur-
rent methods for cytologic diagnosis of cytologic samples. The
cell block can retain minute tissue fragments equivalent to mi-
crobiopsy, providing architectural insight as well as cytomor-
phologic details.! Compared to cytologic smears, cell block sec-
tions are preferred for immunocytochemistry with panels of an-
tibodies to increase diagnostic accuracy of difficult cases because
the quality of immunostaining of the cell block sections is iden-
tical to that of formalin-fixed paraffin embedded tissue (FFPET)
samples.””

In conventional simple sedimentation methods, the cytology
sample is centrifuged and the cell pellets are processed and im-
pregnated with paraffin.® Before being subjected to routine tis-
sue processing sequences, the cell pellets are transferred to lens
paper usually with a sharp wood dipstick or a metal spatula.
However, this method can cause significant loss or dilution of
cells, resulting in severe scarcity of cellularity in the cell block
sections.”” This is the case especially when the cell blocks are
prepared from samples with low cellularity such as residues of
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liquid-based cytology (LBC) cytologic samples in which the quan-
tity of residual informative cells is usually small.

An alternative method using intermediate embedding medi-
um for cell block preparation was introduced in 1986 by Olson
et al.® Instead of wrapping the cell pellet with lens paper, they
used melted bacterial agar as an intermediate embedding medi-
um to resuspend the cell pellet. Kerstens ¢ /.’ improved this
technique in terms of cellularity yield by using melted agarose
to resuspend the cell pellet. Even though the diagnostic utility
of agarose-based cell block preparation was further validated by

112 the conventional agarose cell block tech-

additional studies,
nique does not seem to be commonly used in routine cytopathol-
ogy practice, which is likely due to several drawbacks.

The major drawback of using the conventional agarose cell
block technique is that the agarose solution should be kept warm
(usually >50-60°C) to prevent premature solidification of the
standard agarose gel while the cell pellet is resuspended. If the
agarose solution cools, the cell pellet cannot be homogeneously

resuspended in the agarose solution at room temperature, re-

© 2014 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 351


http://crossmark.crossref.org/dialog/?doi=10.4132/KoreanJPathol.2014.48.5.#&domain=pdf&date_stamp=2014-10-##
http://crossmark.crossref.org/dialog/?doi=10.4132/KoreanJPathol.2014.48.5.351&domain=pdf&date_stamp=2014-10-30

352 e Choi SJ, etal.

sulting in uneven distribution of diagnostically important ele-
ments in the cell block sections. Although these problems can
be overcome by using commercial kits or automated machines,"**
many cytopathologists at institutions with limited resources
cannot afford these commercial devices. Furthermore, the qual-
ity of cell blocks is not always satisfactory even such sophisti-
cated tools.”

Herein, we illustrate a modified agarose cell block method to
obtain compact cell blocks of high-quality from residues of the
LBC samples. The feasibility of this technique is demonstrated
by construction of a cell block microarray (CMA) and high-throu-
ghput immunocytochemistry.

MATERIALS AND METHODS

The schematic flow chart of the protocol is represented in
Fig. 1.

Preparation of resuspending medium and re-embedding
medium

An ultra-low gelling temperature (ULGT) agarose (Agarose
Type IX-A, Sigma-Aldrich, St. Louis, MO, USA) that gels at
temperature <17°C was used as a resuspending medium. A
standard agarose (Agarose Type I-A, Sigma-Aldrich) that gels

at <36°C was used as a re-embedding medium. Each agarose
material was melted in boiling water at 3% (w/v). In order to
preserve gelation quality of the agarose solutions, they were kept
at 4°C with the cap fully tightened. When ready to be used,
they were re-melted using a microwave oven. The re-melted
ULGT agarose solution was then kept at room temperature while
the re-melted standard agarose solution was kept in the oven
set at 60°C to prevent premature solidification prior to use.

Preparation of compact cell buttons

We recruited consecutive 37 cytology case samples to be in-
cluded in this study. There were cases that were from residual
LBC samples after rendering the cytodiagnosis based on Sure-
Path smears (SurePath, TriPath Care Technologies, Burlington,
NC, USA), including 30 ultrasound-guided thyroid fine needle
aspirates (FNAs), two lymph node FNAs and five serous effu-
sions. Each SurePath residue was subjected to centrifugation
and the cell pellet was resuspended in 200-300 pL buffered
formalin. After incubation for 1 hour at room temperature, the
suspension was entirely transferred to a 1.5 mL Eppendorf reac-
tion tube and was centrifuged on a table-top centrifuge for 30
seconds at 15,000 rpm (Fig. 2A). Then, the supernatant was
carefully discarded by pipetting, leaving a formalin-fixed cell
pellet.

15

Pelleting by centrifugation and pre-
embedding in ultra-low gelling
temperature (ULGT) agarose solution

Residual SurePath sample
is pelleted,resuspended in
formalin and transferred to
an Eppendorf (E-) tube

Resulting solidified
C(?mpactagarose gel disk agarose cell button in
with a compact agarose standard agarose by using
cell button at the base
ready to be subjected for
routine tissue processing
for paraffin embedding

mold

Re-embedding the compact A small piece of redundant
formalin-fixed tissue -
(arrow) placed atthe bottom at4°C or 2 to 5 min at -20

the E-tube as an embedding of the E-tube in parallel with
the agarose cell button

Centrifugation and discarding residual
ULGT agarose solution at room temperature
resulting in a compact agarose cell button
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Fig. 1. Schematic flow chart of the protocol for preparation of compact agarose cell blocks from the residues of liquid-based cytology samples.
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Fig. 2. Agarose cell block preparation. The residue of a SurePath sample is placed in Eppendorf reaction tubes and fixed in formalin (A).
Then, the material is pelleted and resuspended with a minimal volume of 3% (w/v) ultra-low gelling temperature agarose solution at room
temperature and the resulting agarose cell suspension is allowed to gelate in the refrigerator at 4°C (B). Each of the solidified agarose cell
buttons is transferred into the cap of the tube (C). Then, the cap with an agarose cell button at the bottom is filed with 3% standard agarose
solution (D). The resulting agarose gel disk is removed from the cap with the aid of a 23-gauge needle (E) and then subjected to tissue pro-
cessing for paraffin embedding. When the agarose gel disk is fractured during this step, it is carefully reconstructed and put in a tissue em-
bedding mold and re-embedded in additional 3% standard agarose solution (F). The agarose cell block is timmed to expose the agarose
cell button (G). If a small piece of redundant formalin-fixed tissue (arrows) is embedded in advance in parallel with the cell button, it can be
effectively used as a visible marker indicating the optimal cutting level of the cell block (H). Reconstructed gel disks are processed in the
same way and embedded in paraffin blocks ().

Depending on the size of the cell pellet or cellularity of the with 50 to 100 pL ULGT agarose solution (Fig. 2B). Following
corresponding SurePath smear, the cell pellet was resuspended re-centrifugation of the suspension on a table-top centrifuge at
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15,000 rpm for 30 seconds, the supernatant ULGT agarose so-
lution was carefully discarded by pipetting. Finally, the result-
ing compact agarose cell button was allowed to solidify for 5 to
10 minutes at 4°C or 2 to 5 minutes at —20°C.

Preparation of compact agarose cell blocks

The solidified compact agarose cell button was removed into
the cap of an Eppendorf reaction tube by tapping upside down
on a hard surface or manually with a metal ear-pick (Fig. 2C).
Then, the cap of the Eppendorf reaction tube was filled with
standard agarose solution so that the agarose cell button was
embedded at the base of the standard agarose gel (Fig. 2D). When
the initial agarose cell button was nearly transparent, it was mar-
ked in advance with a tissue marking dye that could be used to
indicate the optimal cutting level of the cell block. Alternative-
ly, a small piece of redundant formalin-fixed tissue was embed-
ded in parallel with the agarose cell button. Following solidifi-
cation of the standard agarose gel at room temperature for 1 to
2 minutes, the resulting agarose gel disk with an agarose cell
button at the base was carefully removed from the cap of the
tube using a 22-gauge needle (Fig. 2E). When the agarose gel
disk was fractured during this step, it was carefully reconstruct-

ed and re-embedded in standard agarose gel (Fig. 2F). The re-
sulting agarose gel disk was placed in a tissue cassette without
additional wrapping and then was subjected to routine tissue
processing under standard conditions using an automated tissue
processor machine and embedded in paraffin. Finally, the cell
block was trimmed to expose the agarose cell button (Fig. 2G-
I), from which serial 3 to 5 sections were cut at 4-pm thickness
and mounted on a slide for hematoxylin and eosin (H&E) staining.

Construction of cell block microarray for high throughput
immunocytochemistry

To save time and resources in examining the applicability of
the agarose cell blocks to adjuvant immunocytochemistry, the
cores of paraffin-embedded agarose cell buttons in the agarose
cell blocks were represented in a CMA.'® In order to incorporate
the entire cases into a single CMA, we used a self-made manual
microarray kit and a homemade recipient block as described pre-
viously (Fig. 3)."”'® Tissue cores from redundant FFPET were
also arrayed in the same CMA to be used as macroscopic orien-
tation markers of the CMA sections. Serial sections were cut
from the CMA and routinely processed for H&E and immunos-
taining. An automated slide stainer (Ventana BenchMark XT,
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Fig. 3. Construction of a cell block microarray (CMA) for high-throughput immunocytochemistry of cell blocks. A 3-mm tissue punch is used
to extract cores of agarose cell buttons from the agarose cell blocks and implant them in a ready-to-use homemade recipient agarose paraf-
fin block (A, B). The CMA is completely melted on a heat plate to facilitate complete integration of cell block cores into the recipient agarose
paraffin block (C, D). Finally, the CMA is re-embedded in paraffin and trimmed to expose the cell block cores (E, F).
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Ventana Medical Systems Inc., Tucson, AZ, USA) and the Ven-
tana OptiView DAB detection kit were used to analyze expres-

Table 1. Sources and dilutions of antibodies used for immunocyto-
chemistry of the cell block microarray

Target Source Dilution
Cytokeratin 19 Dako 1:200
Galectin-3 Novocastra 1:500

NeoMarkers 1:1,500
NeoMarkers 1:1,500
NeoMarkers 1:400

Thyroid transcription factor-1
Thyroglobulin
Parathyroid hormone

CD56 Novocastra 1:400
HBME1 Cell Marque 1:400
D2-40 Dako 1:300
Wilms’ tumor-1 Cell Marque 1:500
Calretinin Chemicon 1:1,800
Leukocyte common antigen (CD45) Dako 1:2,000
CD20 Pharmingen 1:100
CD3 Dako 1:100
Terminal deoxynucleotidyl transferase Cell Marque 1:400

PAX5 Cell Marque 1:400
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sion of markers (Table 1) using the same antibodies and proto-
cols standardized for immunostaining of FFPET sections. A
digital slide scanner (VM600, Motic, Xiamen, China) was used
to acquire the entire image of the H&E and immunostained
CMA sections.

RESULTS

Compact agarose cell blocks

By using ULGT agarose solution as a resuspending medium,
the residual diagnostic materials in the residual SurePath sam-
ple was easily and entirely incorporated into a compact agarose
cell button which measured 3 to 5 mm in diameter. By using
the cap of an Eppendorf reaction tube as an embedding mold
and the standard agarose as a pre-embedding medium, the com-
pact agarose cell button was easily integrated at the base of an
agarose gel disk, which was easy to manipulate for further pro-

Fig. 4. Representative SurePath smears and corresponding agarose cell blocks of thyroid fine needle aspirations. High cellularity in a Sure-
Path smear of papillary thyroid carcinoma (A) correlates well with that of the agarose cell block section (B). Low cellularity in a SurePath smear
of subacute granulomatous thyroiditis (C) correlates well with that of the agarose cell block section (D). Insets depict high power views.
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cedures for tissue processing and paraffin embedding. Follow- cell buttons, it was not difficult for the histotechnologists to
ing the routine 12- to 13-hour tissue processing, all of the aga- determine the optimal cutting level of the cell blocks. Although
rose gel disks were well impregnated with paraffin and retained a thin layer of nearly transparent agarose gel was present in the
their original size and shape. With the aid of FFPET embedded H&E-stained sections, it did not obscure the cytologic and ar-
in parallel or a marking dye applied in advance to the agarose chitectural features because it was retained outside the cells or

t*fh
.
EX T
.”
o4
.'l L ]
o
" "
< ¢
e
o"“
e m
®
.'
f‘.
Wro
..I:'
&,
o
o)

"eant
of
b

. 3 ® o
'\'" U‘..v B c-‘ "'" ‘, "V““!’ {
‘s ‘S‘ v 7 ot
-
Al

)
T
M T
.
o>
~®s
-
»

v a's
‘.,
o
..
-
v
-
»
[
L
[ ]
U4
M |
.~
.
'

-
&
@
P
o
Sugd
A e W
“ F ey
". g = b &
R o
-
«
;to
b ‘
{
-
L]
L
~

L D
il A
L2
ot

>

o'.
..

£

245

g,
&

'i
s.'

-l“"

.
-
v

-5
'S S
-~
-
-
.
.
!
\ e

(- e
L2 ?:
a
-
.
L]
.
L

B

Fig. 5. SurePath smears and corresponding agarose cell blocks of serous effusions. The cellularities in SurePath smears of serous effusions
with reactive mesothelial proliferation (A), malignant mesothelioma (B), and metastatic adenocarcinoma (C) correlate well with those of corre-
sponding agarose cell block sections (D-F), respectively.
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tissue fragments. The cytomorphologic features of the cell block
sections were supportive for the original diagnosis of the corre-
sponding SurePath smears (Figs. 4, 5).

Construction of cell block microarray for high-throughput
immunocytochemistry

The cellularity yield of each cytology spot on the CMA sec-
tion correlated well with that of the corresponding section of
the donor agarose cell blocks (Fig 6A). With the entirety of the
diagnostic material concentrated on a viewing cytology spot of

each cell block, it was possible to minimize differences in cellu-

Fig. 6. Representative cytology spots on a section of cell block mi-
croarray. Depending on the cellularities of corresponding SurePath
smears, the cytology spots on the cell block microarray showed
various cellularities (A, H&E). The cytoarchitectural and immunocy-
tochemical features of malignant serous effusion (B, H&E [left] and
D2-40 [right]) and atypical thyroid fine needle aspirate (C, H&E [leff]
and cytokeratin 19 [right]) are supportive for more specific and more
confidential diagnosis, respectively.

http://dx.doi.org/10.4132/KoreanJPathol.2014.48.5.351
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larity yield through serial sections of the CMA cut for a series of
immunocytochemistry using panels of diagnostic markers (Ta-
ble 2). Immunocytochemical analyses of the cytology spots on
the CMA provided additional information supportive for the
diagnosis of cytologically difficult cases (Figs. 6B, 6C, 7).

DISCUSSION

Although smears of alcohol-fixed liquid-based or cytocentri-
fuged preparations of cytology samples can be used for comple-
mentary immunocytochemistry, the quality of the immunos-
tains from smear preparations cannot be always identical to that
of formalin-fixed paraffin embedded cell block sections.** This
is because the cell block provides the most reliable form of sam-
ple preparation that produces results identical to that of FFPET.
Furthermore, multiple sections can be cut from the cell blocks
that can be effectively used when definitive differential diagno-
sis should be rendered only based on appropriate histologic, im-
munocytochemical or cytochemical findings."”

In order to be used in routine ancillary tests such as immuno-
cytochemistry, a cell block should retain a yield of cellularity
sufficient enough for ancillary tests. More often than not, how-
ever, H&E-stained and/or immunostained sections of conven-
tionally prepared cell blocks fail to provide additional clues for
differential diagnosis even though the corresponding smear pre-
parations of the cytology sample retain sufficient cellularities.
This is because the informative residual materials remained af-
ter routine smear preparations cannot always be incorporated
entirely into the cell blocks due to technical difficulity.*” This is
because considerable loss or dilution of diagnostically important
materials can occur during the preparation of cell blocks using
the conventional simple sedimentation method. This problem
mainly occurs when cell pellets are manually removed from the
tubes, wrapped in lens paper and transferred into tissue cassettes
before subjected to routine tissue processing for paraffinization.®
Bloody samples should be another major cause of scarce cellu-
larity in cell block sections because the peripheral blood further
dilutes the cells or tissue fragments of interest.

To overcome the loss of material during cell block prepara-
tion, various supporting media such as bacterial agar, egg albu-
min, and plasma-thrombin have been used.” Among these,
preparation of agarose cell blocks by using small volumes of
agarose solution as pre-embedding media can be a simple and
cost-effective method because cell buttons pre-embedded in
standard agarose gel are easy to handle during the procedures
for paraffin embedding.*'* The advantages of the agarose cell

http://www.koreanjpathol.org
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Table 2. Cytologic samples incorporated into cell block microarray and result of immunocytochemistry

Samples Site Diagnosis of smears Supportive immunocytochemistry of cell block* Diagnosis based on ICC
LBC_FNAs Thyroid Papillary carcinoma (n=8) TG+, TTF1+, CK19+, galectin 3+, CD56-, HBME1+, PTH-  Papillary thyroid carcinoma
(SurePath) Suspicious for papillary carcinoma TG+, TTF1+, CK19+, galectin 3+, CD56-, HBME1+, PTH-  Papillary thyroid carcinoma
h=2)
Nodular hyperplasia (n=12) TG+, TTF1+, CK19-, galectin 3-, CD56+, HBME1-, PTH-  Nodular hyperplasia
Atypia (n=4) TG+, TTF1+, CK19-, galectin 3-, CD56+, HBME1-, PTH-  Nodular hyperplasia
Atypia (n=1) TG, TTF1-, CK19+, galectin 3-, CD56-, HBME1-, PTH+  Parathyroid lesion

Benign Hurthle cell proliferation (n=2) TG+, TTF1+, CK19-, galectin 3-, CD56+, HBME1—, PTH-
Chronic lymphocytic thyroiditis (n=2)  N/A due to scanty cellularity

Benign Hurthle cell lesion
N/A

Lymph node Lymphoid malignancy (n=2) CD45-, CD20-, CD3-, TdT+, PAX5+, CD56- B-lymphoblastic lymphoma
CD45+, CD20+, CD3-, TdT-, PAX5+, CD56- Large B-cell ymphoma
L BC_serous Ascitic fluid  Lymphoid malignancy (n=1) CD45+, CD20-, CD3-, TdT+, PAX5+, CD56— B-lymphoblastic lymphoma
effusions Adenocarcinoma (n=1) CK7+, CK19+, calretinin-, D2-40, WT1+, CD56-, TTF1- Ovarian serous carcinoma
(SurePath) Pleural Adenocarcinoma (n=1) CKT7+, CK19+, calretinin-, D2-40-, HBME1-, WT1-, TTF1+ Adenocarcinoma of lung
effusion primary

Favor malignant mesothelioma (n=1)  CK7+, CK19+, calretinin+, D2-40+, HBME1+, WT1+, TTF1-

Negative for malignancy (n=1) N/A

Malignant mesothelioma
N/A

ICC, immunocytochemistry; LBC, liquid-based cytology; FNA, fine needle aspiration; cytokeratin; TG, thyroglobulin; TTF1, thyroid transcription factor-1; CK,

cytokeratin; PTH, parathyroid hormone; N/A, not applicable; TdT, terminal deoxynucleotidyl transferase; WT1, Wilms’ tumor-1.

Fig. 7. SurePath smear and agarose cell block from parathyroid lesion. The SurePath sample is allegedly from an intrathyroidal nodule. The
smear (A-C) with cohesive clusters and solid sheets of relatively monomorphic epithelial cells was interpreted as “atypia of undetermined
significance.” The diagnosis is confirmed by cytoarchitectural examination (D-F) and immunocytochemical analysis (G, thyroglobulin; H, thy-
roid transcription factor-1; |, parathyroid hormone; arrows indicating positive and negative controls) of cell block sections.

http://www.koreanjpathol.org http://dx.doi.org/10.4132/KoreanJPathol.2014.48.5.351



block technique has been already confirmed.”** However, the
major drawback of this technique is that the agarose solution
should be kept in a temperature not lower than the gelling tem-
perature of agarose solution to prevent premature solidification
of the agarose solution while cell pellets are resuspended. If this
inadvertently occurs, the cells or tissue fragments within the
cell pellets will not be evenly distributed throughout the aga-
rose cell button. Although the agarose solution can be kept in a
preheated heat block in an oven set at 60°C during the resus-
pending step, it could be technically difficult for routine cell
block preparation in daily practice.

Mansy"" took the advantage of the agarose cell block tech-
nique using low melting temperature (LGT) agarose to make
agarose cell blocks from urine cytology samples. In several pre-
ceding trials with this method, however, we have found that
the usual LGT agarose solution should also be kept at a tem-
perature above room temperature (usually >30°C) to prevent
premature solidification. Otherwise, it was not possible to have
diagnostic cells or tissue fragments evenly distributed through-
out different levels. This was especially the case when we tried
to resuspend cell pellets with small volumes of agarose solution
to make small agarose cell button as compact as possible. To
overcome this problem, we modified the method for agarose
cell block preparation using two types of agarose that become
gels at different temperatures: ULGT agarose is for preparation
of agarose cell buttons and standard agarose is for re-embedding
in agarose gel disks. Because the ULGT agarose solution does
not solidify at room temperature, it can be effectively used to
resuspend the formalin-fixed cell pellet from the LBC sample
that remains after smear preparation. In addition, the suspen-
sion can be centrifuged again at room temperature in order to
get more concentrated agarose cell buttons. We presume that
this modified technique enables the diagnostic material in the
residual LBC samples to be transferred as entirely as possible
into small agarose cell buttons that are as compact as possible.

In the preliminary experiment to modify the agarose cell block
technique, we found that the gelation property of the agarose
solution significantly deteriorates with time when the agarose
solution was kept in the oven at 60°C for more than 1 month.
Furthermore, the agarose solution kept in the oven more than 2
months changed to brownish yellow color and the gelation pro-
perty was completely lost. To prevent this problem, we aliquot-
ed the agarose solutions into one time use aliquots and stored
them at 4°C until they were re-melted using a microwave. Be-
cause only a small amount of agarose is needed for agarose cell
block preparations, there was no significant increase in cost for
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agarose cell block preparation. Furthermore, because solidified
agarose buttons and agarose gel disks are easier to manipulate
compared to wrapping the cell pellet with lens paper, the time
and work load do not substantially increase compared to conven-
tional simple sedimentation method, although we did not ana-
lyze this observation statistically.

In conclusion, we illustrated a modified agarose cell block
technique to obtain compact agarose cell blocks that prevents
significant loss of diagnostic cells or tissue during cell block
preparation. This modified technique can be widely applied in
daily cytopathology practice, especially when the cellularity of
the cytologic sample is expected to be low.
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