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Abstract
Introduction/Objective: Liquid-based cytology (LBC) is ad-
vantageous 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 nongy-
necologic 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 im-
munocytochemical 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 meth-
od 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 

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, al-
though refrigerated (8°C) storage was used, no improve-
ment was noted. Conclusions: Long-term storage is possible 
for cell membrane antigens at room temperature; however, 
it is unsuitable for intranuclear antigens. Therefore, we con-
clude that suitable fixative type and storage temperature dif-
fer based on antigen location. Further investigation is war-
ranted. © 2021 S. Karger AG, Basel

Introduction

GLOBOCAN 2017 (International Agency for Re-
search on Cancer) has reported a sustained decline in the 
worldwide age-specific incidence rate of cervical cancer 
based, in part, on Papanicolaou screening [1]. Liquid-
based cytology (LBC), a system used for cervical cancer 
screening, was officially approved in the USA by the Food 
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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 result-
ing 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 speci-
mens 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 cervi-
cal cytology. Recently, LBC has been reported to poten-
tially 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 uter-
ine 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 stain-
ing (ICC) [10–13] and gene analysis [14, 15]. Norimatsu 
et al. [16–18] combined ICC with cell morphology find-
ings using the BD SurePathTM (BD Diagnostics, Burling-
ton, 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 nongyneco-
logic analysis, and their components vary [19]. Accord-
ingly, 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-re-
taining properties of the fixatives used for ICC [20–22].

Norimatsu et al. [21] performed ICC in pleural effu-
sions 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, sug-
gesting a possibility of inaccurate judgment of the positiv-
ity rate. On the basis of the results of this study, we evalu-
ated the antigenicity-retaining ability of the fixatives used 
in ICC over long-term storage conditions. Using a malig-

nant lymphoma-derived cell line in conjunction with BD 
SurePath-LBC, the antigen-retaining ability of the fixa-
tives 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 Sci-
entific 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 centrifu-
gation 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 puri-
fied 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; Nich-

irei Bioscience Co., Ltd., Tokyo, Japan) and CD45 (leukocyte com-
mon antigen [LCA], clone: 2B11 + PD7/26 FLEX RTU diluted an-
tibody; 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 Hist-
fine detection kit (Histfine Simple Stain MAX-PO; Nichirei Biosci-
ence Co., Ltd., Tokyo, Japan) was used, and the specimens were 
incubated for 30 min. Peroxidase reaction was performed in a de-
veloping solution containing 3,3′-diaminobenzidine. Finally, the 
slides were counterstained with hematoxylin.

Assessment of ICC
Immunoreactive sites staining brown based on the type of an-

tibody were considered positive, and those staining faintly or not 
staining were considered negative. CD20 and LCA exhibited posi-
tive staining on the cell membrane, whereas Ki67 staining was ev-
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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” sta-
tistical software (version 3.4.3; http://www.r-project.org/index.
html). p values <0.05 were considered statistically significant.

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 he-
molytic 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 in-
creased 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 

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, respec-
tively). 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 significant-
ly increased for the specimen of 1 h (85.7%) storage com-
pared 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 de-

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

RT Fixative solution

red blue

CD20
1 h 60.1±7.9 (p < 0.001)a, (p < 0.001)b, (p < 0.001)c, (p < 0.001)d 88.0±6.2 ns
1 week 85.6±7.6 (p = 0.029)e, (p = 0.005)f 88.7±5.7 ns
1 month 91.8±4.0 ns 90.4±3.5 ns
3 months 95.2±0.5 ns 90.6±2.4 ns
6 months 97.5±2.3 ns 93.3±2.2 ns

LCA
1 h 85.7±5.4 (p < 0.001)a, (p < 0.001)b, (p < 0.001)c, (p < 0.001)d 96.7±3.6 ns
1 week 94.0±2.7 (p = 0.001)f 99.2±1.2 ns
1 month 98.4±2.1 ns 95.5±2.7 ns
3 months 98.8±1.3 ns 98.8±2.0 ns
6 months 99.7±0.8 ns 97.8±2.3 ns

Ki67
1 h 64.8±3.0 (p < 0.001)a, (p < 0.001)b 88.2±2.3 (p < 0.001)a, (p < 0.001)b

1 week 1.5±0.7 ns 23.9±7.5 ns
1 month 1.7±2.2 ns 29.6±4.5 ns
3 months Nonspecific nd Nonspecific nd
6 months Nonspecific nd Nonspecific nd

Steel-Dwass test (p < 0.05). RT, room temperature; nd, not done; ns, not significant. aSignificant difference between 1 h and 1 week. 
bSignificant 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.
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(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). Simi-
larly, in the blue fixative, the positivity rate was high-
est 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 de-
creased 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 signifi-
cantly 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, re-
spectively).

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%; Ta-
ble 3). There were no significant differences in the posi-
tivity 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 (Ta-
ble 3).

Discussion

Cultured cells used to investigate LBC usually repre-
sent the epithelial and nonepithelial (muscular system) 
systems. To our knowledge, there have been no studies 
using a hematopoietic system-derived cell line. There-
fore, 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 blue

Ki67
1 week 2.3±2.9 (p < 0.001)a 75.7±6.9 (p < 0.001)a

1 month 4.1±1.4 ns 32.1±4.0 ns
3 months Nonspecific nd Nonspecific nd
6 months Nonspecific nd Nonspecific nd

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

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 fixa-
tive 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, coun-
terstained with hematoxylin).
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(For legend see next page.)
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ty-retaining ability of fixatives using a malignant lympho-
ma-derived cell line.

For the cell membrane antigens, CD20 and LCA, the 
positivity rate for specimens stored in the red fixative sig-
nificantly increased with time compared with that of the 
control. The positivity rate was highest at 1 h (room tem-
perature) 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 fixa-
tive than in the red fixative (p < 0.001), whereas it signif-
icantly 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, respective-
ly) represented small differences. Regarding LCA, no dif-
ferences 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 aldehyde-
based 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 neutral-
buffered formalin [28, 29]. The molecular weight of CD20 
is 33–37 kDa, and it belongs to the MS4A family of phos-
phoproteins, which contains 4 transmembrane domains 
[30]. CD45, also known as LCA, is a leukocyte-specific 
transmembrane protein and a receptor-like protein tyro-
sine phosphatase [31]. Our results revealed that the use of 
ethanol-based fixative is recommended for this mem-
brane antigen to retain antigenicity. This suggests that the 
interrelationship between the structural components of 

Fig. 2. Immunocytochemical staining of LCA 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 fix-
ative 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, coun-
terstained with hematoxylin). LCA, leukocyte common antigen.

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

1 h 1 week 1 month 3 months 6 months

RT RT 8°C RT 8°C RT 8°C RT 8°C

CD20
Red 60.1±7.9 85.6±7.6 nd 91.8±4.0 nd 95.2±0.5 nd 97.5±2.3 nd
Blue 88.0±6.2 88.7±5.7 nd 90.4±3.5 nd 90.6±2.4 nd 93.3±2.2 nd
p value <0.001 ns nd ns nd 0.009 nd 0.003 nd

LCA
Red 85.7±5.4 94.0±2.7 nd 98.4±2.1 nd 98.8±1.3 nd 99.7±0.8 nd
Blue 96.7±3.6 99.2±1.2 nd 95.5±2.7 nd 98.8±2.0 nd 97.8±2.3 nd
p value ns ns nd ns nd ns nd ns nd

Ki67
Red 64.8±3.0* 1.5±0.7 2.3±2.9 1.7±2.2 4.1±1.4 Nonspecific Nonspecific Nonspecific Nonspecific
Blue 88.2±2.3 23.9±7.5 75.7±6.9 29.6±4.5 32.1±4.0 Nonspecific Nonspecific Nonspecific Nonspecific
p value <0.001 <0.001 <0.001 <0.001 <0.001 nd nd nd nd

Scheffe test (p < 0.05). RT, room temperature; nd, not done; ns, not significant.
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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 stor-
age 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 fix-
ative 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 abil-
ity 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 mark-
edly with time. The decrease was smaller in the blue fixa-
tive than in the red fixative, suggesting that the antigenic-
ity-retaining ability of the blue fixative is higher for intra-
nuclear antigens.

Regarding the composition of each fixative [19], the 
red fixative contains isopropanol (23.3%), methanol 
(10.0%), and formaldehyde (0.4%). The alcohol concen-
tration is low in many fixatives used in LBC, such as those 
described above. Owing to the gradual increase in the fix-
ation 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 abil-
ity of the blue fixative is excellent for Ki67 as it prevented 
the outflow of Ki67 protein.

Positivity was also noted with respect to nuclear divi-
sion as a characteristic of positive cells. The Ki67 antigen 
is expressed in the active phase (G1, S, G2, and M phases) 

of the cell cycle, whereas it is absent in resting cells (G0 
phase). Ki67 exhibits varying patterns of nuclear localiza-
tion 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 regula-
tory 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 gen-
erally 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 pro-
cess [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 positiv-
ity of the cytoplasm.

Preservation and room temperature storage are unsat-
isfactory for the retention of antigenicity of the intranu-
clear 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 improve-
ment. The rate significantly increased at 1 month com-
pared 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 temper-
ature 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 ob-
served at room temperature. The abovementioned find-
ings 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 im-
proved to 87.1% in red and 91.7% in blue fixatives, and 
no nonspecific reactions were observed (Fig 4). The rea-
son for this improvement in intranuclear antigen preser-
vation at −20°C includes the large influence of tempera-
ture 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 
was the highest in both red and blue fixatives and markedly de-
creased 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 

fixative at room temperature for 1 h. b Red fixative at room tem-
perature 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, objec-
tive, counterstained with hematoxylin).
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temperature, weak interactions maintaining the func-
tional structure of protein are broken, resulting in dena-
turation.

Regarding the storage temperature, storages at −20°C 
and −74°C for preparations using the ThinPrep-LBC fix-
ative 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 need-
ed in an efficient manner.

Compared with LBC specimens, formalin-fixed paraf-
fin-embedded tissue specimens showed degradation of 
antigenicity over time, which might be because of the sig-
nificant effect of environmental conditions during stor-
age. The reasons for antigenic deterioration (antigenic 
instability) include temperature, oxidation, UV irradia-
tion, and humidity [36–42]. Long-term storage at room 
temperature is reportedly nonoptimal. Therefore, im-
proved antigen activation and detection methods, paraf-
fin coating, and low temperature storage have been pro-
posed [37–42]. In particular, several studies have report-
ed 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 mois-
ture [41, 42]) was useful. Humidity and temperature can 
reportedly cause structural changes in epitopes and de-
crease immunoreactivity in PD-L1 protein, which can be 

analyzed by combining immunostaining and mass spec-
trometry 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 speci-
mens were stored in vials containing fixed storage solu-
tion at −20°C. The reason for this is that vials can be 
stored at low temperatures to protect them from oxida-
tion and light irradiation, and vials are more versatile 
than specimens.

Although long-term storage at room temperature us-
ing SP-LBC in both red and blue fixatives is not recom-
mended 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 lo-
cation. 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 geno-
typing required for the WHO classification of hemato-

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