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Abstract
Introduction/Objective: Liquid-based cytology (LBC) is advantageous as multiple stained specimens can be prepared
and used for additional assays such as immunocytochemical
and molecular-pathological investigations. Two types of
preservative-fixative solutions (fixatives) are used for nongynecologic specimens used in the BD SurePath-LBC (SP-LBC)
method, and their components vary. However, few studies
have evaluated the differences in antigen-retaining ability
between these fixatives. Therefore, we investigated and
compared the antigen-retaining ability of the fixatives in immunocytochemical staining (ICC) under long-term storage
conditions. Materials and Methods: Sediments of cultured
RAJI cells (derived from Burkitt’s lymphoma) were added to
each fixative (red and blue) and stored at room temperature
for a specified period (1 h; 1 week; and 1, 3, and 6 months).
The specimens were then prepared using the SP-LBC method and subjected to ICC. Positivity rate was calculated using
the specimens fixed at room temperature for 1 h as a control.
Antibodies against Ki67 expressed in the nucleus and against
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CD20 and leukocyte common antigen (LCA) expressed on
the cell membrane were used. Results: For CD20 and LCA,
the positivity rate increased with time in the red fixative
compared with that in the control. In the blue fixative, the
positivity rate was highest at 1 h and was maintained at a
high level throughout the storage period. In contrast, the
Ki67 positivity rate was highest at 1 h in both red and blue
fixatives and markedly decreased with time. Therefore, although refrigerated (8°C) storage was used, no improvement was noted. Conclusions: Long-term storage is possible
for cell membrane antigens at room temperature; however,
it is unsuitable for intranuclear antigens. Therefore, we conclude that suitable fixative type and storage temperature differ based on antigen location. Further investigation is warranted.
© 2021 S. Karger AG, Basel

Introduction

GLOBOCAN 2017 (International Agency for Research on Cancer) has reported a sustained decline in the
worldwide age-specific incidence rate of cervical cancer
based, in part, on Papanicolaou screening [1]. Liquidbased cytology (LBC), a system used for cervical cancer
screening, was officially approved in the USA by the Food
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nant lymphoma-derived cell line in conjunction with BD
SurePath-LBC, the antigen-retaining ability of the fixatives was determined.
Materials and Methods
Cell Culture
RAJI cells from human Burkitt’s lymphoma were obtained
from the Japanese Collection of Research Bioresources Cell Bank
(JCRB Cell Bank, Kanagawa, Japan). The cell lines were cultured
in RPMI 1640 medium (Gibco GlutaMAXTM; Thermo Fisher Scientific Inc., Merelbeke, Belgium) with 10% fetal bovine serum in a
humidified incubator at 37°C containing 5% CO2. The cultured
cells were harvested 6 days after seeding and pelleted by centrifugation at 800 g for 5 min; the supernatant was decanted to obtain
the cell sediment.
Specimen Preparation
Sediments (10 μL) of cultured RAJI cells were suspended in 5
mL of each fixative solution (red and blue) and stored at room
temperature or refrigerated (8°C) for a specified period (1 h; 1
week; and 1, 3, and 6 months). The cell fixative solutions used for
SP-LBC included gyne for gynecologic specimens and red and blue
for nongynecologic specimens. We examined the latter in this
study because we used a malignant lymphoma-derived cell line.
ICC was performed for the 1-h specimens at room temperature
and used as a control. In addition, cultured cells were stored at
−20°C for 1 week and examined. After the specified period, each
fixative was centrifuged at 800 g for 10 min, and the fixation fluid
was decanted. A mixture of the cell sediment with 300 μL of purified water was dispensed into a dedicated glass chamber slide and
allowed to stand for 10 min. The slides were fixed in 95% ethanol
for 10 min and immunostained.
ICC
Both CD20 (L26 monoclonal antibody, diluted antibody; Nichirei Bioscience Co., Ltd., Tokyo, Japan) and CD45 (leukocyte common antigen [LCA], clone: 2B11 + PD7/26 FLEX RTU diluted antibody; Agilent Technologies/Dako, Carpinteria, CA, USA) were
used as cell membrane antigens, and Ki67 (clone: MIB-1 FLEX
RTU diluted antibody; Agilent Technologies/Dako, Carpinteria,
CA, USA) was used as a nuclear antigen. For Ki67 staining only,
we also examined cultured cells stored at −20°C for 1 week and
those stored at 8°C for a specified period (1 h; 1 week; and 1, 3, and
6 months). The slides were treated with 3% hydrogen peroxide for
10 min to block endogenous peroxidase activity. After incubating
with primary antibodies for 60 min at room temperature, the Histfine detection kit (Histfine Simple Stain MAX-PO; Nichirei Bioscience Co., Ltd., Tokyo, Japan) was used, and the specimens were
incubated for 30 min. Peroxidase reaction was performed in a developing solution containing 3,3′-diaminobenzidine. Finally, the
slides were counterstained with hematoxylin.
Assessment of ICC
Immunoreactive sites staining brown based on the type of antibody were considered positive, and those staining faintly or not
staining were considered negative. CD20 and LCA exhibited positive staining on the cell membrane, whereas Ki67 staining was ev-
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and Drug Administration in 1996. For LBC, specimens
are suspended in a cell fixative and then smeared from a
homogenous state onto glass slides, so that the collected
cells can be effectively analyzed without loss. The resulting specimens are of excellent quality compared with the
previous method of directly smearing specimens onto
glass slides. Therefore, the results are superior to that of
the direct smear method (rate of unsatisfactory specimens and diagnostic accuracy) [2–4].
In Japan, cervical cytology has been widely used for the
primary screening of cervical cancer since 1983. LBC has
been implemented in screening programs since 2008 with
the adoption of the Bethesda System for reporting cervical cytology. Recently, LBC has been reported to potentially decrease the unsatisfactory smear rate that occurs in
cervical cytology compared with conventional cytology
in Japan [5]. Furthermore, cytology using LBC has been
used in not only gynecologic specimens such as the uterine cervix and endometrium [6, 7] specimens but also
other specimens such as the mammary [8] and thyroid [9]
gland specimens.
One advantage of LBC is that multiple specimens can
be prepared and utilized for immunocytochemical staining (ICC) [10–13] and gene analysis [14, 15]. Norimatsu
et al. [16–18] combined ICC with cell morphology findings using the BD SurePathTM (BD Diagnostics, Burlington, NC, USA)-LBC (SP-LBC) for the accurate diagnosis
of endometrial cytology. However, there are 3 types of cell
fixative solutions used in SurePath-LBC: BD SurePathTM
vial (gyne) for gynecologic analysis and BD CytorichTM
red (red) and BD CytorichTM blue (blue) for nongynecologic analysis, and their components vary [19]. Accordingly, the antigen-retaining ability for ICC is predicted to
differ depending on the type of fixative used. At present,
limited studies have been conducted on the antigen-retaining properties of the fixatives used for ICC [20–22].
Norimatsu et al. [21] performed ICC in pleural effusions from 4 patients with pulmonary adenocarcinoma;
they used 4 antibodies against intranuclear antigens (i.e.,
Ki67, P53, cyclin A, and MCM7) and cell sediments and
various fixation periods (1 h, 1 week, 1 month, and 3
months). They calculated the positivity rate and relative
ratio, setting the baseline to those of 1 h. There was no
notable difference in the antigen-retaining ability among
the 3 fixatives, but the positivity rate decreased by 30%
after 1 week of storage depending on the antibody, suggesting a possibility of inaccurate judgment of the positivity rate. On the basis of the results of this study, we evaluated the antigenicity-retaining ability of the fixatives used
in ICC over long-term storage conditions. Using a malig-

Table 1. Relationship between positivity rate (%) and storage time for each fixative

RT

Fixative solution
red

CD20
1h
1 week
1 month
3 months
6 months
LCA
1h
1 week
1 month
3 months
6 months
Ki67
1h
1 week
1 month
3 months
6 months

blue

60.1±7.9
85.6±7.6
91.8±4.0
95.2±0.5
97.5±2.3

(p < 0.001)a, (p < 0.001)b, (p < 0.001)c, (p < 0.001)d
(p = 0.029)e, (p = 0.005)f
ns
ns
ns

88.0±6.2
88.7±5.7
90.4±3.5
90.6±2.4
93.3±2.2

ns
ns
ns
ns
ns

85.7±5.4
94.0±2.7
98.4±2.1
98.8±1.3
99.7±0.8

(p < 0.001)a, (p < 0.001)b, (p < 0.001)c, (p < 0.001)d
(p = 0.001)f
ns
ns
ns

96.7±3.6
99.2±1.2
95.5±2.7
98.8±2.0
97.8±2.3

ns
ns
ns
ns
ns

64.8±3.0
1.5±0.7
1.7±2.2
Nonspecific
Nonspecific

(p < 0.001)a, (p < 0.001)b
ns
ns
nd
nd

88.2±2.3
23.9±7.5
29.6±4.5
Nonspecific
Nonspecific

(p < 0.001)a, (p < 0.001)b
ns
ns
nd
nd

Steel-Dwass test (p < 0.05). RT, room temperature; nd, not done; ns, not significant. aSignificant difference between 1 h and 1 week.
difference between 1 h and 1 month. cSignificant difference between 1 h and 3 months. dSignificant difference between 1 h
and 6 months. eSignificant difference between 1 week and 3 months. fSignificant difference between 1 week and 6 months.

bSignificant

Results

Relationship between the Positivity Rate (%) and
Storage Period for Each Fixative
Cell Membrane Antigen
CD20. The components of red and blue fixatives vary
[19]. The red fixative comprises isopropanol (23.3%),
methanol (10.0%), formaldehyde (0.4%), etc., and has hemolytic and protein aggregation inhibitory effects. On
the other hand, the blue fixative comprises ethanol
(44.0%), methanol (5.0%), etc., and has no hemolytic and
protein aggregation inhibitory effects.
In the red fixative, the positivity rate significantly increased with time when comparing the specimen of 1 h
storage (60.1%) with that of 1 week (85.6%; p < 0.001), 1
month (91.8%; p < 0.001), 3 month (95.2%; p < 0.001), and
Study on Fixative Solution for LBC in
Immunocytochemical Staining

6 month (97.5%; p < 0.001) storages (Table 1; Fig. 1a–c).
The positivity rate at 1 week was significantly lower than
that at 3 and 6 months (p = 0.029 and p = 0.005, respectively). In the blue fixative, no significant differences were
observed when comparing the specimen of 1 h storage
(88.0%) with that of 1 week (88.7%; p = 0.903), 1 month
(90.4%; p = 0.939), 3 month (90.6%; p = 0.999), and 6
month (93.3%; p = 0.999) storages (Table 1; Fig. 1d–f).
LCA. In the red fixative, the positivity rate significantly increased for the specimen of 1 h (85.7%) storage compared with that of 1 week (94.0%; p < 0.001), 1 month
(98.4%; p < 0.001), 3 month (98.8%; p < 0.001), and 6
month (99.7%; p < 0.001) storages (Table 1; Fig. 2a–c). In
addition, there was a significant difference between the
specimens of 1 week and 6 month storages. However, for
the blue fixative, no significant differences were observed
when comparing the specimen of 1 h storage (96.7%) with
that of 1 week (99.2%; p = 0.405), 1 month (95.5%; p =
0.908), 3 month (98.8%; p = 0.572), and 6 month (97.8%;
p = 0.935) storages (Table 1; Fig. 2d–f).
Nuclear Antigen
Ki67. In the red fixative, the Ki67 positivity rate
was the highest at 1 h (64.8%) and then markedly deActa Cytologica
DOI: 10.1159/000518452
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ident in the nucleus. At least 300 cells in 6 randomly selected fields
of view with a ×40 objective lens were counted, and the results were
expressed as the percentage of positive cells. Statistically significant
differences were analyzed by a Steel-Dwass test using the “R” statistical software (version 3.4.3; http://www.r-project.org/index.
html). p values <0.05 were considered statistically significant.

a

c

d

e

f

(For legend see next page.)
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creased with time at 1 week (1.5%; p < 0.001) and 1
month (1.7%; p < 0.001) (Table 1; Fig. 3a, b). Similarly, in the blue fixative, the positivity rate was highest at 1 h (88.2%) and significantly decreased with
time at 1 week (23.9%; p < 0.001) and 1 month (29.6%;
p < 0.001) (Table 1; Fig. 3c, d). For both fixatives, the
cytoplasm showed nonspecific reactions at 3 and 6
months at room temperature. Furthermore, in the red
fixative, the positivity rate at 8°C significantly decreased at 1 week (2.3%; p < 0.001) and 1 month (4.1%;
p < 0.001) compared with that at 1 h (64.8%) (Table
2; Fig. 3e). In the blue fixative, the positivity rate at
8°C significantly decreased at 1 week (75.7%; p <
0.001) and 1 month (32.1%; p < 0.001) compared with
that at 1 h (88.2%)(Table 2; Fig. 3f). Treatment with
both fixatives resulted in nonspecific reactions in the
cytoplasm at 3 and 6 months at refrigerated (8°C)
storage.
Relationship between the Positivity Rate (%) and Each
Fixative at Various Storage Times
Cell Membrane Antigen
CD20. The positivity rates in red and blue (red vs. blue)
fixatives were as follows: 1 h (60.1% vs. 88.0%), 1 week
(85.6% vs. 88.7%), 1 month (91.8% vs. 90.4%), 3 months
(95.2% vs. 90.6%), and 6 months (97.5% vs. 93.3; Table 3).
The positivity rate in the blue fixative at 1 h was significantly higher than that in the red fixative at 1 h (p < 0.001);
however, the positivity rates in the blue fixative at 3 and

6 months were significantly lower than those in the red
fixative at 3 and 6 months (p = 0.009 and p = 0.003, respectively).
LCA. The positivity rates in red and blue (red vs. blue)
fixatives were as follows: 1 h (85.7% vs. 96.7%), 1 week
(94.0% vs. 99.2%), 1 month (98.4% vs. 95.5%), 3 months
(98.8% vs. 98.8%), and 6 months (99.7% vs. 97.8%; Table 3). There were no significant differences in the positivity rates among these storage times.
Nuclear Antigen
Ki67. The positivity rate at 1 h (64.8% vs. 88.2%; p <
0.001), 1 week (1.5% vs. 23.9%; p < 0.001), and 1 month
(1.7% vs. 29.6%; p < 0.001) was significantly higher in the
blue fixative than that in the red fixative (Table 3). Results
for the storage temperature of 8°C indicated that at 1
week (2.3% vs. 75.7%; p < 0.001) and 1 month (4.1% vs.
32.1%; p < 0.001), the positivity rate in the blue fixative
was significantly higher than that in the red fixative (Table 3).
Discussion

Cultured cells used to investigate LBC usually represent the epithelial and nonepithelial (muscular system)
systems. To our knowledge, there have been no studies
using a hematopoietic system-derived cell line. Therefore, in the present study, we investigated the antigenici-

Table 2. Relationship between the Ki67 positivity rate (%) and each fixative for various storage periods at 8°C

8°C

Fixative solution
red

Ki67
1 week
1 month
3 months
6 months

2.3±2.9
4.1±1.4
Nonspecific
Nonspecific

blue
(p < 0.001)a
ns
nd
nd

75.7±6.9
32.1±4.0
Nonspecific
Nonspecific

(p < 0.001)a
ns
nd
nd

Fig. 1. Immunocytochemical staining of CD20 using red and blue
fixatives in various storage periods at room temperature. a–c The
positivity rate in the red fixative increased with time compared
with that in the 1 h control. d–f The positivity rate in the blue fixative was higher at 1 h and maintained at this level throughout the

storage period. a Red fixative for 1 h. b Red fixative for 1 week.
c Red fixative for 1 month. d Blue fixative for 1 h. e Blue fixative
for 1 week. f Blue fixative for 1 month (ICC, ×400, objective, counterstained with hematoxylin).

Study on Fixative Solution for LBC in
Immunocytochemical Staining

Acta Cytologica
DOI: 10.1159/000518452

5

Downloaded by: H. Sato - 633644
160.237.110.225 - 9/15/2021 1:49:23 PM

Steel-Dwass test (p < 0.05). nd, not done; ns, not significant. a Significant difference between 1 week and 1
month.

a

c

d

e

f

(For legend see next page.)
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ty-retaining ability of fixatives using a malignant lymphoma-derived cell line.
For the cell membrane antigens, CD20 and LCA, the
positivity rate for specimens stored in the red fixative significantly increased with time compared with that of the
control. The positivity rate was highest at 1 h (room temperature) and was consistent at a high level throughout
the storage period. Comparison of the CD20 positivity
rates between red and blue fixatives indicated that the rate
after 1 h storage was significantly higher in the blue fixative than in the red fixative (p < 0.001), whereas it significantly decreased in the blue fixative at 3 months and
thereafter; however, these rates (red 95.2 vs. blue 90.6 and
red 97.5 vs. blue 93.3; p = 0.009 and p = 0.003, respectively) represented small differences. Regarding LCA, no differences were observed between red and blue fixatives for
any time period. On the basis of these results, it can be
said that the membrane antigen-retaining abilities of red
and blue fixatives are almost equivalent, and long-term
room temperature storage of cell membrane antigens
may be possible.
There are 2 types of fixatives: chemical fixatives and
coagulation precipitants. The former includes aldehydebased fixatives, such as formalin, that generate methylene

bridges within or between proteins [23, 24]. Overfixation
with an aldehyde-based fixative may reduce antigenicity
[25, 26]. The latter includes organic solvent solutions
such as ethanol. Hydrogen bonds between amino acids in
the tertiary structure of the protein are disrupted by the
formation of hydrogen bonds between amino acids and
the organic solvent through dehydration. This destroys
the higher order structure resulting in degeneration and
precipitation [27].
It is generally believed that tissues are stable for long
periods not only because they are rapidly fixed but also
because the protein components and other elements that
make up the tissue may remain inside for a long time. The
state of the preservation of DNA, RNA, and protein fixed
in ethanol is excellent compared with that in neutralbuffered formalin [28, 29]. The molecular weight of CD20
is 33–37 kDa, and it belongs to the MS4A family of phosphoproteins, which contains 4 transmembrane domains
[30]. CD45, also known as LCA, is a leukocyte-specific
transmembrane protein and a receptor-like protein tyrosine phosphatase [31]. Our results revealed that the use of
ethanol-based fixative is recommended for this membrane antigen to retain antigenicity. This suggests that the
interrelationship between the structural components of

Table 3. Relationship between positivity rate (%) for each fixative and storage period

CD20
Red
Blue
p value
LCA
Red
Blue
p value
Ki67
Red
Blue
p value

1h

1 week

RT

RT

1 month
8°C

RT

3 months
8°C

6 months

RT

8°C

RT

8°C

60.1±7.9
88.0±6.2
<0.001

85.6±7.6
88.7±5.7
ns

nd
nd
nd

91.8±4.0
90.4±3.5
ns

nd
nd
nd

95.2±0.5
90.6±2.4
0.009

nd
nd
nd

97.5±2.3
93.3±2.2
0.003

nd
nd
nd

85.7±5.4
96.7±3.6
ns

94.0±2.7
99.2±1.2
ns

nd
nd
nd

98.4±2.1
95.5±2.7
ns

nd
nd
nd

98.8±1.3
98.8±2.0
ns

nd
nd
nd

99.7±0.8
97.8±2.3
ns

nd
nd
nd

Nonspecific
Nonspecific
nd

Nonspecific
Nonspecific
nd

Nonspecific Nonspecific
Nonspecific Nonspecific
nd
nd

2.3±2.9
64.8±3.0* 1.5±0.7
88.2±2.3
23.9±7.5 75.7±6.9
<0.001
<0.001
<0.001

1.7±2.2
4.1±1.4
29.6±4.5 32.1±4.0
<0.001
<0.001

Scheffe test (p < 0.05). RT, room temperature; nd, not done; ns, not significant.

positivity rate in the red fixative increased with time compared
with that in the 1 h control. d–f The positivity rate in the blue fixative was higher at 1 h and maintained at this level throughout the
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storage period. a Red fixative for 1 h. b Red fixative for 1 week.
c Red fixative for 1 month. d Blue fixative for 1 h. e Blue fixative
for 1 week. f Blue fixative for 1 month (ICC, ×400, objective, counterstained with hematoxylin). LCA, leukocyte common antigen.
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Fig. 2. Immunocytochemical staining of LCA using red and blue
fixatives in various storage periods at room temperature. a–c The

a

c

d

e

f

(For legend see next page.)
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of the cell cycle, whereas it is absent in resting cells (G0
phase). Ki67 exhibits varying patterns of nuclear localization corresponding to the cell cycle. The localization and
DNA binding affinity of Ki67 in the M phase is influenced
by the phosphorylation of Ki67, and a complex regulatory mechanism has been reported [33], suggesting that
these cellular states influence the localization of positive
staining.
In addition, Ki67 was positive in the cytoplasm at 3 and
6 months, indicating a nonspecific reaction. Regarding
alcohol fixation of protein, ethanol-based fixative is generally suitable for the retention of insoluble antigens such
as cell surface markers and cytoskeletal proteins, whereas
aldehyde-based fixatives are excellent for soluble proteins
in the cytoplasm and nucleus because they are eluted by
ethanol in the dehydration and degreasing fixation process [32, 34]. Therefore, the Ki67 protein likely eluted into
the cytoplasm during long-term storage for ≥3 months,
and this process may have strongly influenced the positivity of the cytoplasm.
Preservation and room temperature storage are unsatisfactory for the retention of antigenicity of the intranuclear antigen; we assessed it under a refrigerated (8°C)
storage condition. In the red fixative, the positivity rate
was low at 1 week and 1 month, exhibiting no improvement. The rate significantly increased at 1 month compared with that at 1 week (p < 0.001), and this might have
resulted from the synergistic effects of formaldehyde. In
the blue fixative, the positivity rate at 1 week improved in
refrigerated storage compared with that in room temperature storage, but it significantly decreased at 1 month
(p < 0.001). For both red and blue fixatives, nonspecific
reactions were noted at 3 months and thereafter, as observed at room temperature. The abovementioned findings show that refrigerated storage was also unsuitable;
therefore, we evaluated storage at −20°C for 1 week. The
results indicated that the positivity rate markedly improved to 87.1% in red and 91.7% in blue fixatives, and
no nonspecific reactions were observed (Fig 4). The reason for this improvement in intranuclear antigen preservation at −20°C includes the large influence of temperature on protein stability. When protein is exposed to high

Fig. 3. Immunocytochemical staining of Ki67 using red and blue
fixatives in various storage periods. a–d The positivity rate at 1 h

fixative at room temperature for 1 h. b Red fixative at room temperature for 1 week. c Blue fixative at room temperature for 1 h.
d Blue fixative at room temperature for 1 week. e Red fixative at
8°C for 1 week. f Blue fixative at 8°C for 1 week (ICC, ×400, objective, counterstained with hematoxylin).
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was the highest in both red and blue fixatives and markedly decreased with time. e The positivity rate in the red fixative at 8°C for
1 week was low. f The positivity rate in the blue fixative for 1 week
improved at 8°C compared with that at room temperature. a Red
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antigens and fixative solution has a significant effect on
the retention of antigenicity.
With respect to CD20, positivity rate after 1 h storage
was significantly higher in the blue fixative than in the red
fixative, suggesting that fixation during short-term storage in the red fixative is inferior to that in the blue fixative.
This may result from differences in alcohol concentration
(red: approximately 33% vs. blue: approximately 50%). In
addition, the CD20 positivity rate observed in the red fixative was significantly higher at 1 week than that at 1 h;
the rate in the blue fixative was significantly lower than
that in the red fixative after long-term storage for ≥3
months. A reason for this is that the red fixative contains
0.4% formaldehyde; the addition of formaldehyde may
have increased the antigen-retaining ability because of its
synergistic effects compared with alcohol alone.
In short-term storage, the antigenicity-retaining ability is dependent on the alcohol concentrations, whereas
in long-term storage, the antigenicity-retaining ability is
maintained when formaldehyde is present. However, for
the intranuclear antigen Ki67, the positivity rate in the
control (1 h at room temperature) was the highest in red
and blue fixatives, which subsequently decreased markedly with time. The decrease was smaller in the blue fixative than in the red fixative, suggesting that the antigenicity-retaining ability of the blue fixative is higher for intranuclear antigens.
Regarding the composition of each fixative [19], the
red fixative contains isopropanol (23.3%), methanol
(10.0%), and formaldehyde (0.4%). The alcohol concentration is low in many fixatives used in LBC, such as those
described above. Owing to the gradual increase in the fixation time and low fixative concentration, intracellular
components leech out over time [32]. The blue fixative
contains approximately 50% alcohol, which is a higher
percentage, and includes ethanol (44.0%) and methanol
(5.0%). This suggests that the antigenicity-retaining ability of the blue fixative is excellent for Ki67 as it prevented
the outflow of Ki67 protein.
Positivity was also noted with respect to nuclear division as a characteristic of positive cells. The Ki67 antigen
is expressed in the active phase (G1, S, G2, and M phases)

a

b

Fig. 4. Immunocytochemical staining for Ki67 at −20°C for 1 week. In both red (a) and blue (b) fixatives, the

positivity rate was high. (ICC, ×400, objective, counterstained with hematoxylin).
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analyzed by combining immunostaining and mass spectrometry using multiple antibodies of different epitopes
under set environmental conditions [42]. In this study,
we showed that antigenic activation was not necessary,
and antigenicity could be retained for long if the specimens were stored in vials containing fixed storage solution at −20°C. The reason for this is that vials can be
stored at low temperatures to protect them from oxidation and light irradiation, and vials are more versatile
than specimens.
Although long-term storage at room temperature using SP-LBC in both red and blue fixatives is not recommended for intranuclear antigens, the deterioration of
antigenicity may be inhibited at ultralow temperatures
such as −20°C. However, as only one antibody was used
in this study, it is essential to include other intranuclear
antigens in further investigations on long-term storage at
ultralow temperatures.
Conclusion

Our study findings indicate that suitable fixative type
and storage temperature differ depending on antigen location. This finding may contribute to the proper use of
ICC using SP-LBC for clinical specimens in the future.
For example, the antigen-retention ability of SP-LBC
may be used for immunological phenotyping and genotyping required for the WHO classification of hematoSato/Norimatsu/Irino/Nishikawa
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temperature, weak interactions maintaining the functional structure of protein are broken, resulting in denaturation.
Regarding the storage temperature, storages at −20°C
and −74°C for preparations using the ThinPrep-LBC fixative have been reported to maintain the immunoactivity
of ER and PgR for 6 months [35]. However, in our study,
antigenicity was maintained although the specimens were
stored in a vial. Therefore, these can be prepared as needed in an efficient manner.
Compared with LBC specimens, formalin-fixed paraffin-embedded tissue specimens showed degradation of
antigenicity over time, which might be because of the significant effect of environmental conditions during storage. The reasons for antigenic deterioration (antigenic
instability) include temperature, oxidation, UV irradiation, and humidity [36–42]. Long-term storage at room
temperature is reportedly nonoptimal. Therefore, improved antigen activation and detection methods, paraffin coating, and low temperature storage have been proposed [37–42]. In particular, several studies have reported that storage at 4°C maintained antigenicity for several
months to years [37–42] and that storage at −20°C or
−80°C [39, 41, 42] was also effective. In addition, storage
in dark (to remove the effects of light irradiation) [40] and
in presence of desiccators (to remove the effects of moisture [41, 42]) was useful. Humidity and temperature can
reportedly cause structural changes in epitopes and decrease immunoreactivity in PD-L1 protein, which can be

poietic tumors. Thus, we expect that the introduction of
SP-LBC will increase the usefulness of cytological diagnosis in a wide range of clinical domains, including hematopoiesis.

Funding Sources
The study was supported by a grant from the 34th Hokkoku
Cancer Foundation of Japan.

Author Contributions

Statement of Ethics
The authors have no ethical conflicts to disclose. In this study,
cultured cell lines obtained from the Japanese Collection of Research Bioresources Cell Bank (JCRB Cell Bank, Kanagawa, Japan)
as research materials were used. Therefore, approval from the ethics committee is not required.

Conflict of Interest Statement

Hiaki Sato designed the study, performed the experiments, analyzed the data, and wrote the manuscript. Yoshiaki Norimatsu
conceptualized, designed and supervised the study, and revised the
manuscript. Satoshi Irino contributed to the data analysis. Takeshi
Nishikawa analyzed the data. All authors read and approved the
final manuscript.

Data Availability Statement

The authors declare that the research was conducted in the absence of any commercial or financial relationship that could be
construed as a potential conflict of interest.

The data that support the findings of this study are openly
available in Hokuriku University Institutional Repository at
https://hokuriku.repo.nii.ac.jp/.

References

Study on Fixative Solution for LBC in
Immunocytochemical Staining

9 Suzuki A, Hirokawa M, Higuchi M, Takada
N, Yamao N, Kuma S, et al. Differentiating
between benign follicular nodules and follicular neoplasms in thyroid liquid-based cytology preparations. Diagn Cytopathol. 2016;
44(8):659–64.
10 Tripathy K, Mishra A, Singh AK, Panda PL,
Mahapatra A, Lenka A. Immunocytochemistry using liquid-based cytology: a tool in hormone receptor analysis of breast cancer. J Cytol. 2018;35(4):260–4.
11 Das D, Sengupta M, Basu K, Tirkey M, Datta
C, Chatterjee U. Role of p16/Ki-67 dual immunostaining in detection of cervical cancer
precursors. J Cytol. 2018;35(3):153–8.
12 Patarapadungkit N, Jangsiriwitayakorn P,
Chaiwiriyakul S, Sirivech P, Thongbor R,
Phanomsri EO, et al. Modified liquid-based
cytology technique for immunocytochemistry in effusion specimen. Asian Pac J Cancer
Prev. 2019 Sep 1;20(9):2611–7.
13 Choi SY, Kim KH, Suh KS, Yeo MK. Diagnostic significance of dual immunocytochemical
staining of p53/cytokeratin20 on liquid-based
urine cytology to detect urothelial carcinoma.
Cytojournal. 2020;27;17:3.
14 Zhu Y, Ren C, Yang L, Zhang X, Liu L, Wang
Z. Performance of p16/Ki67 immunostaining, HPV E6/E7 mRNA testing, and HPV
DNA assay to detect high-grade cervical dysplasia in women with ASCUS. BMC Cancer.
2019 Mar 27;19(1):271.
15 Dong Z, Cao Z, Wu W, Zhang L, Hou L,
Zhang W, et al. Evaluation of liquid based cytology in detection of EGFR mutation in
NSCLC by large samples. J Thorac Dis. 2020;
12(9):4941–9.

Acta Cytologica
DOI: 10.1159/000518452

16 Norimatsu Y, Miyamoto M, Kobayashi TK,
Moriya T, Shimizu K, Yanoh K, et al. Diagnostic utility of phosphatase and tensin homolog, beta-catenin, and p53 for endometrial
carcinoma by thin-layer endometrial preparations. Cancer. 2008;114(3):155–64.
17 Norimatsu Y, Ohsaki H, Yanoh K, Kawanishi
N, Kobayashi TK. Expression of immunoreactivity of nuclear findings by p53 and cyclin
a in endometrial cytology: comparison with
endometrial glandular and stromal breakdown and endometrioid adenocarcinoma
grade 1. Diagn Cytopathol. 2013; 41(4): 303–
7.
18 Norimatsu Y, Yanoh K, Maeda Y, Irino S, Hirai Y, Fulciniti F, et al. Insulin-like growth
factor-II mRNA-binding protein 3 immunocytochemical expression in direct endometrial brushings: Possible diagnostic help in endometrial cytology. Cytopathology. 2019;
30(2):215–22.
19 Kawanishi N, Norimatsu Y, Ohsaki H, Bando
S, Masuno H, Tashiro T. Effect of preservative
solutions of BD liquid-based cytology on
blood. Jpn J Med Technol. 2015; 64(4): 475–
82. Japanese.
20 Kawahara A, Taira T, Abe H, Watari K, Murakami Y, Fukumitsu C, et al. Fixation effect
of SurePath preservative fluids using epidermal growth factor receptor mutation-specific
antibodies for immunocytochemistry. Cancer Cytopathol. 2014;122(2):145–52.
21 Kawanishi N, Norimatsu Y, Irito S. Study of
immunocytochemical staining using preservative solution with SurePath™-LBC. Jpn J
Med Technol. 2018; 67(4): 519–23. Japanese
with English abstract.

11

Downloaded by: H. Sato - 633644
160.237.110.225 - 9/15/2021 1:49:23 PM

1 The Union for International Cancer Control.
2017 GLOBOCAN annual report [Internet].
Geneva: Union for International Cancer Control; 2017 [cited 2019 Jan 2]. Available: https:
//www.uicc.org/resources/2017-annual-report.
2 Linder J. Recent advances in thin-layer cytology. Diagn Cytopathol. 1998;18(1):24–32.
3 Weintraub J, Morabia A. Efficacy of a liquidbased thin layer method for cervical cancer
screening in a population with a low incidence of cervical cancer. Diagn Cytopathol.
2000;22(1):52–9.
4 Moss SM, Gray A, Legood R, Henstock E.
Evaluation of HPV/LBC cervical screening
pilot studies. First report to the Department
of Health on evaluation of LBC (2002 Dec).
2002.
5 Hosono S, Terasawa T, Katayama T, Sasaki S,
Hoshi K, Hamashima C. Frequency of unsatisfactory cervical cytology smears in cancer
screening of Japanese women: a systematic review and meta-analysis. Cancer Sci. 2018;
109(4):934–43.
6 Norimatsu Y, Yanoh K, Kobayashi TK. The
role of liquid-based preparation in the evaluation of endometrial cytology. Acta Cytol.
2013;57(5):423–35.
7 Norimatsu Y, Yanoh K, Hirai Y, Kurokawa T,
Kobayashi TK, Fulciniti F. A diagnostic approach to endometrial cytology by means of
liquid-based preparations. Acta Cytol. 2020;
64(3):195–207.
8 Sharma V, Gupta V, Parmar P, Jain P,
Thakran D, Sen R. Comparative analysis of
liquid based and conventional cytology
smears in fine needle aspirates from breast lesions. J Cytol. 2019;36(2):89–93.

12

Acta Cytologica
DOI: 10.1159/000518452

30 Payandeh Z, Bahrami AA, Hoseinpoor R,
Mortazavi Y, Rajabibazl M, Rahimpour A, et
al. The applications of anti-CD20 antibodies
to treat various B cells disorders. Biomed
Pharmacother. 2019;109:2415–26.
31 Saunders AE, Johnson P. Modulation of immune cell signalling by the leukocyte common tyrosine phosphatase, CD45. Cell Signal.
2010;22(3):339–48.
32 Pollice AA, McCoy JP Jr, Shackney SE, Smith
CA, Agarwal J, Burholt DR, et al. Sequential
paraformaldehyde and methanol fixation for
simultaneous flow cytometric analysis of
DNA, cell surface proteins, and intracellular
proteins. Cytometry. 1992;13(4):432–44.
33 Sun X, Kaufman PD. Ki-67: more than a proliferation marker. Chromosoma. 2018;127(2):
175–86.
34 Mørkve O, Høstmark J. Influence of tissue
preparation techniques on p53 expression in
bronchial and bladder carcinomas, assessed
by immunofluorescence staining and flow cytometry. Cytometry. 1991;12(7):622–7.
35 Sauer T, Ebeltoft K, Pedersen MK, Kåresen R.
Liquid based material from fine needle aspirates from breast carcinomas offers the possibility of long-time storage without significant loss of immunoreactivity of estrogen and
progesterone receptors. Cytojournal. 2010; 7:
24.
36 Blind C, Koepenik A, Pacyna-Gengelbach M,
Fernahl G, Deutschmann N, Dietel M, et al.
Antigenicity testing by immunohistochemistry after tissue oxidation. J Clin Pathol. 2008;
61(1):79–83.

37 Karlsson C, Karlsson MG. Effects of longterm storage on the detection of proteins,
DNA, and mRNA in tissue microarray slides.
J Histochem Cytochem. 2011; 59(12): 1113–
21.
38 Grillo F, Pigozzi S, Ceriolo P, Calamaro P,
Fiocca R, Mastracci L. Factors affecting immunoreactivity in long-term storage of formalin-fixed paraffin-embedded tissue sections. Histochem Cell Biol. 2015;144(1):93–9.
39 Nakagawa T, Ohnishi K, Kosaki Y, Saito Y,
Horlad H, Fujiwara Y, et al. Optimum immunohistochemical procedures for analysis of
macrophages in human and mouse formalin
fixed paraffin-embedded tissue samples. J
Clin Exp Hematop. 2017;57(1):31–6.
40 Ramos-Vara JA, Webster JD, DuSold D, Miller MA. Immunohistochemical evaluation of
the effects of paraffin section storage on biomarker stability. Vet Pathol. 2014;51:102–9.
41 Omilian AR, Zirpoli GR, Cheng TD, Yao S,
Stein L, Davis W, et al. Storage conditions and
immunoreactivity of breast cancer subtyping
markers in tissue microarray sections. Appl
Immunohistochem Mol Morphol. 2020;
28(4):267–73.
42 Haragan A, Liebler DC, Das DM, Soper MD,
Morrison RD, Slebos RJC, et al. Accelerated
instability testing reveals quantitative mass
spectrometry overcomes specimen storage
limitations associated with PD-L1 immunohistochemistry. Lab Invest. 2020;100(6):874–
86.

Sato/Norimatsu/Irino/Nishikawa

Downloaded by: H. Sato - 633644
160.237.110.225 - 9/15/2021 1:49:23 PM

22 Norimatsu Y, Ohsaki H, Masuno H, Kagawa
A, Teramoto N, Kobayashi TK. Efficacy of
CytoLyt® hemolytic action on ThinPrep® LBC
using cultured osteosarcoma cell line LM8.
Acta Cytol. 2014;58(1):76–82.
23 Helander KG. Kinetic studies of formaldehyde binding in tissue. Biotech Histochem.
1994;69(3):177–9.
24 Fraenkel-Conrat H, Brandon BA, Olcott HS.
The reaction of formaldehyde with proteins.
IV. Participation of indole groups; gramicidin. J Biol Chem. 1947;168(1):99–118.
25 Howat WJ, Wilson BA. Tissue fixation and
the effect of molecular fixatives on downstream staining procedures. Methods. 2014;
70(1):12–9.
26 Werner M, Chott A, Fabiano A, Battifora H.
Effect of formalin tissue fixation and processing on immunohistochemistry. Am J Surg
Pathol. 2000;24(7):1016–9.
27 Baker JR. Fixation in cytochemistry and electron-microscopy. J Histochem Cytochem.
1958;6(5):303–8.
28 Gillespie JW, Best CJ, Bichsel VE, Cole KA,
Greenhut SF, Hewitt SM, et al. Evaluation of
non-formalin tissue fixation for molecular
profiling studies. Am J Pathol. 2002; 160(2):
449–57.
29 Chung JY, Song JS, Ylaya K, Sears JD, Choi L,
Cho H, et al. Histomorphological and molecular assessments of the fixation times comparing formalin and ethanol-based fixatives. J
Histochem Cytochem. 2018;66(2):121–35.

