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ABSTRACT — There has been an increased demand to eliminate animal experiments and to replace the 
experiments with alternative tests for assessing the safety of cosmetics. The SH test is an in vitro skin sen-
sitization test that evaluates the protein binding abilities of a test substance. Skin sensitization must be 
evaluated by multiple test methods. The SH test uses the same cell line and measuring instruments as the 
human Cell-Line Activation Test (h-CLAT), which is one of the test methods used to evaluate different 
key events and is listed in the OECD test guidelines. There are cost advantages to usher the SH test into 
facilities that are already running the h-CLAT. The SH test is conducted only at a facility that has devel-
oped the SH test because studies on the between-facility reproducibility and validity have not been per-
formed. Therefore, to verify the transferability of the SH test and the between-facilities reproducibility, 
we evaluated the reproducibility of the SH test results at three facilities, including the development facil-
ity. After an initial round of testing, the protocol was refined as follows to improve reproducibility among 
the three facilities: i) determine the optimum pH range, ii) change the maximum applicable concentration 
of water-soluble substances, and iii) define the appropriate dispersion conditions for evaluating hydropho-
bic substances. These refinements markedly enhanced the between-facility reproducibility (from 76.0% 
to 96.0%) for the 25 substances evaluated in this study. This study confirmed that the SH test is an effec-
tive skin sensitization test method with high technical transferability and between-facility reproducibility.
 
Key words: ‌�SH test, Skin sensitization, Alternative test method to animal experiments,  

Technical transferability, Between-laboratory reproducibility
	

INTRODUCTION

There has been an increased demand to reduce or elim-
inate animal experimentation in various fields including 
toxicology. The European Union (EU) has banned the use 
of animal experimentation to assess the safety of cosmet-
ics and cosmetic ingredients. EU has also prohibited the 
sale of products containing ingredients which were evalu-

ated by animal experimentation (Council of the European  
Union & European Parliament, 2003). Similar regulations 
have been established in other countries and regions; 
therefore, the global standards for evaluation of product 
safety are rapidly changing to exclude animal experimen-
tation.

Under these circumstances, testing methods to replace 
animal experimentation have developed at a rapid pace. 
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At present, many of the testing methods assessing toxic-
ity and not relying on animal experimentation have been 
adopted in the test guidelines (TG) of the Organization for 
Economic Co-operation and Development (OECD). Sub-
stituting in vivo tests with a single in vitro or in chemi-
co alternative testing method, however, is challenging. 
Integrated testing strategies are required to evaluate the 
systemic toxicity and complex biologic reactions of var-
ious compounds (Adler et al., 2011), especially for test-
ing which requires repeated administration. The current 
mainstream approach is to use a framework that combines 
test methods for evaluating key events (KE) in the devel-
opment of toxicity along the Adverse Outcome Pathway 
(AOP) in the context of the Integrated Approaches for 
Testing and Assessment (IATA) (OECD, 2016c).

The IATA, combining in chemico and in vitro test-
ing methods that can evaluate KE based on the AOP, has 
been proposed to evaluate skin sensitization to chemicals 
(OECD, 2012a, 2012b). According to the OECD guide-
lines, there are four KE in the AOP for skin sensitiza-
tion: KE1, covalent binding to skin proteins; KE2, epider-
mal keratinocyte inflammatory response; KE3, activation 
(maturation) and migration of Langerhans cell and dermal 
dendritic cells; and KE4, activation/proliferation of aller-
gen specific T-cells. Of these, alternative test methods 
corresponding to KE1, KE2, and KE3 have been devel-
oped, and OECD has issued the test guidelines for each 
method.

Currently, two test methods are available to evalu-
ate KE1: The Direct Peptide Reactivity Assay (DPRA) 
and the Amino acid Derivative Reactivity Assay 
(ADRA). These tests evaluate whether or not a test sub-
stance has the ability to bind to a peptide that is impor-
tant for the expression of skin sensitization by assessing 
the reactivity of the test substance to a synthetic peptide  
(EURL-ECVAM, 2013; OECD, 2019b, 2019c).

Two other tests have also been developed to evaluate 
KE2. The KeratinoSensTM test and the LuSens test were 
recently adopted by the OECD. Both test methods evalu-
ate the inflammatory response of keratinocytes by assess-
ing the induction of gene groups controlled by the antiox-
idant reactive region (ARE) during the induction of skin 
sensitization. Cells containing a reporter gene are used to 
evaluate whether an ARE gene group has been induced on 
the basis of the activation of the Keap1-Nrf2-ARE path-
way by a skin sensitizer. (OECD, 2018a; Natsch, 2010; 
EURL-ECVAM, 2014; Ramirez et al., 2014; ESAC, 
2016).

KE3 is currently evaluated using methods such as the 
human cell line activation test (h-CLAT), the U937 cell 
line activation test (U-SENSTM), and the interleukin-8 

reporter gene assay (IL-8 Luc assay). Dendritic cells acti-
vate during the induction phase of skin sensitization, 
migrate to lymph nodes, and present antigens to naïve 
T-cells. At this time, the expression of molecules that 
maintain adhesion to T cells such as CD54 and CD86 is 
enhanced on the surface of activated dendritic cells and 
the expression of inflammatory cytokines, such as IL-1β, 
and chemokines, such as IL-8, are induced (Aiba et al., 
2003; dos Santos et al., 2009). These three test methods 
evaluate the activation of dendritic cells using the expres-
sion of cell surface markers or IL-8 as indicators (OECD, 
2018b).

The current OECD test guidelines do not include any 
test methods to evaluate the biological response corre-
sponding to KE4, which is the activation/proliferation of 
allergen-specific T cells.

Although many test methods have been developed, the 
non-animal-based test methods which are currently avail-
able only evaluate a part of the AOP; therefore they can-
not completely replace animal-based test methods. It is 
necessary to combine multiple test methods along with 
the AOP to replace animal-based tests and various com-
binations have been proposed (OECD, 2016a). Even 
if an appropriate combination of test methods is identi-
fied, each test often requires expensive equipment and the 
use of different cells and reagents. The tests also require 
intensive labor and familiarity with a number of test 
methods. Thus, large financial and human labor costs are 
involved in preparing a location with the capabilities of 
performing all of the tests for KE1, KE2, and KE3.

We focused on the SH test; an in vitro skin sensitiza-
tion test developed by Suzuki et al. (2009). This test is 
performed using the human monocytic leukemia cell 
line (THP-1) and flow cytometry, similar to the h-CLAT 
(Ashikaga et al., 2006; Sakaguchi et al., 2006). The SH 
test has advantages because a facility that is already per-
forming the h-CLAT can perform the SH test by only pur-
chasing the necessary detection reagents and learning a 
few simple procedures. The SH test is not listed in the 
OECD TG, but is considered a reliable testing method to 
evaluate KE1 in the IATA for skin sensitization (OECD, 
2016b). Skin sensitizing KE1 is based on the binding of 
chemicals to proteins. After entering the body, a low-
molecular-weight sensitizer (hapten) binds to a lysine or 
cysteine residue of the carrier protein to acquire immuno-
genicity recognizable by dendritic cells. The DPRA and 
the ADRA assess the protein binding ability of the test 
substance using an indicator that depends on the reactiv-
ity of the test substance with a synthetic peptide contain-
ing either lysine or cysteine (Gerberick et al., 2004, 2007; 
Fujita et al., 2014). The SH test is a method of detecting 
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skin sensitizers on the basis of a decrease in the amount 
of cell surface thiols due to the binding of a test substance 
to the cell surface proteins (Hirota et al., 2009, 2013). In 
addition, the SH test can also detect certain skin sensi-
tizers that increase the number of cell surface thiols via 
endoplasmic reticulum stress in THP-1 cells and acti-
vation of the mitogen-activated protein kinase cascade 
(Hirota et al., 2010). Furthermore, the use of the SH test 
for assessing KE1 in combination with an ARE assay for 
assessing KE2 (Natsch and Emter, 2008) and the h-CLAT 
for assessing KE3 produced good results in a risk assess-
ment model of skin sensitization (Hirota et al., 2015). In 
their report, the SH test performance was equivalent to 
that of the DPRA test as an in vitro test method for KE1 
(Hirota et al., 2015).

However, the SH test has not yet been validated. The 
SH test technical transferability to facilities other than the 
developing facility or its reproducibility between facil-
ities have not been evaluated, either. Therefore, in this 
study, we verified the ability to establish the SH test at 
other facilities and evaluated the between-facility repro-
ducibility.

First, two new facilities that adopted the SH test 
received technical guidance from the developer. Next, 
tests were conducted on common test substances at the 
three facilities and the reproducibility of the test results 
among the three facilities was evaluated. After the initial 
round of testing, it was revealed that the protocol need-
ed improvement to enhance the reproducibility among 
the facilities. Therefore, the protocol was adjusted as fol-
lows; i) determine the optimum pH range, ii) change the 
maximum applicable concentration of water-soluble sub-
stances from 5000 µg/mL to 15000 µg/mL, and iii) define 
the appropriate dispersion conditions for evaluating poor-
ly water-soluble substances. As a result of the adjust-
ments, the between-facility reproducibility was markedly 
enhanced. The SH test became an in vitro skin sensitiza-
tion test method with high technical transferability as well 
as between-facility reproducibility.

MATERIALS AND METHODS

Testing facilities
The testing was conducted at three facilities: the 

Shiseido Global Innovation Center (Facility A), the  
Frontier Research Center of POLA Chemical Industries, 
Inc. (Facility B), and the Safety and Analytical Research 
Laboratories of KOSÉ Corporation (Facility C). The SH 
test was developed at Facility A. In this report, we used 
old as well as new data reported by Facility A.

Test chemicals
A total of 25 chemicals were evaluated in this study, 

including 17 sensitizers and 8 non-sensitizers (Table 1).  
All of the chemicals were used in the studies of the 
Working Group for In vitro Skin Sensitization Evalua-
tion of the Japan Cosmetic Industry Association (Hirota  
et al., 2015). The chemicals were previously evaluat-
ed and classified with a local lymph node assay (LLNA) 
(Urbisch et al., 2015). When selecting the test chemi-
cals, we focused on the following: i) select a wide range 
of compounds in points of skin sensitization potency and 
n-octanol / water partition coefficient (log Kow) predict-
ed by KOWWINTM contained in the Estimation Programs 
Interface (EPI) Suite provided by the United States Envi-
ronmental Protection Agency (available at https://www.
epa.gov/tsca-screening-tools/epi-suitetm-estimation-pro-
gram-interface#models) and ii) increase the proportion of 
chemical substances that have similar characteristics as 
cosmetic ingredients (non or low skin sensitization poten-
cy and high log Kow). We purchased the test chemicals 
from MilliporeSigma Corporation (St. Louis, MO, USA) 
or FUJIFILM Wako Pure Chemical Corporation (Osaka, 
Japan). The details of the test chemicals are provided in 
Table 1. The LLNA is known to sometimes obtain false 
positive results with irritants such as surfactants (OECD, 
2010). One example is Sodium lauryl sulfate (SLS). Dur-
ing a peer review of the LLNA, it was confirmed that the 
positive reaction for SLS in the LLNA was not a skin 
sensitization but a false positive due to skin irritation 
(ICCVAM, 1999). In this study, SLS was treated as an 
LLNA negative substance.

Cells and cell culture
The human monocytic cell line, THP-1, was obtained 

from the ATCC (Manassas, VA, USA). These cells were 
cultured in RPMI 1640 medium with HEPES buffer  
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA) 
or without HEPES buffer (Nissui Pharmaceutical Co., 
LTD, Tokyo, Japan), containing 1% antibiotic–antimy-
cotic (Invitrogen, Thermo Fisher Scientific) and 10% 
fetal bovine serum (JRH Biosciences, Lenexa, KS, USA, 
or MilliporeSigma). Facility A and B used RPMI 1640 
medium with HEPES buffer while Facility C used RPMI 
1640 medium without HEPES buffer. The cells were 
maintained in an incubator at 37°C under an atmosphere 
of 5% CO2 in air.

SH test procedure
The SH test was performed in accordance with the 

method of Hirota et al. (2013). THP-1 cells, which were 
maintained by subculture, were cultured at 37°C for 2 hr 
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in a culture medium containing one of the test chemicals. 
Three concentrations of each test chemical were evaluat-
ed: one-third and one-ninth of the highest applied concen-
tration, with the highest concentration set to the concen-
tration that produced 50% cell survival (IC50). Therefore, 
the cytotoxicity of each test chemical was evaluated 
in advance, and the IC50 concentration was determined 
from a dose-survival curve. Cell viability was measured 
using an MTT assay. After being treated with the test 
chemical, the cells were washed with phosphate-buff-
ered saline (PBS). Next, Alexa Fluor 488 C5 maleimide 
(Invitrogen, Thermo Fisher Scientific), a fluorescent dye 
that selectively binds to the thiols of proteins, was dis-
solve in PBS and added to the cells and the cells were 
further cultured for 30 min at 37°C. The cells were then 
washed again with PBS and analyzed by flow cytome-
try (BD FACSCantoTM II or BD FACSCaliburTM, Becton,  
Dickinson and Company, Franklin Lakes, NJ, USA). At 
the time of the analysis, dead cells were identified using 
0.625 μg/mL propidium iodide. After the mean fluo-
rescence intensity (MFI) at each test concentration was 
determined, the relative fluorescence intensity (RFI) was 
calculated by the following formula: RFI (% of control) 
= (MFI of chemical-treated cells / MFI of vehicle-treat-
ed control cells) × 100. The RFI was not calculated when 
cell viability was less than 50%. The SH test was per-
formed independently at least three times, and the mean 
RFI value was calculated from the RFI value for each 
test. For each test concentration, a positive result required 
that the mean RFI value was ≤ 85% or ≥ 115%, and the 
difference from the control group was statistically signifi-
cant as evaluated by a paired 2-tailed t-test with a p-value 
less 0.05. The SH test was conducted at three concentra-
tions and was judged for each concentration based on the 
mean RFI value. The maximum amount of change of the 
mean RFI values in the SH test (MAC value) was calcu-
lated for each test substance and this is shown in the result 
as a guide of the amount of fluctuation in the RFI value of 
each substance. The MAC value is the maximum value 
of the fluctuation amount in the mean RFI value calculat-
ed for each test concentration by the following formula:  
The fluctuation amount in mean RFI = | 100 – (mean RFI 
value) |.

RESULTS

Confirmation of transferability and reproducibility 
among three facilities
Confirmation of transferability

After Facility A provided the hands-on training for 
conducting the SH test to Facility B and C, we evaluat-

ed potential differences in the detection sensitivity among 
the three facilities by having each facility independently 
perform the SH test using dinitrochlorobenzene (DNCB), 
which is used as a positive control substance for the SH 
test. Similar results were obtained for the dose response 
of DNCB among the three facilities (Fig. 1). The lowest 
dose of DNCB (3 μg/mL) was negative in all three facili-
ties, and doses ≥ 4 µg/mL of DNCB were clearly positive 
in all three facilities. Thus, the detection limit for DNCB 
was 4 μg/mL in all three facilities. These results indicate 
that there were no major issues in the technical transfera-
bility of the SH test.

Confirmation of reproducibility among facilities
Next, we verified the reproducibility among the facili-

ties using the 25 test substances (Table 1 and 2). Two of 
the weak sensitizers in the LLNA, 1-bromohexane and 
pyridine, were detected as positive at Facility A, but neg-
ative at Facility B and C, which means that they were not 
detected as sensitizers by the new facilities. Methyl salic-
ylate, a non-sensitizer, was negative at Facility A, but 
positive at Facility B and C. Another non-sensitizing sub-
stance, lactic acid, was negative at Facility A and B, and 
positive at Facility C. In addition, chlorobenzene, anoth-
er non-sensitizing substance, was positive at Facility A 
and C but negative at Facility B. 1,2,4-benzenetricarbox-

Fig. 1.   Dose response curve of RFI value with DNCB treat-
ment in the three facilities. The RFI value is the mean 
of three independent test results ± S.D. (n = 3). The test 
facilities are (▲: Facility A, ●: Facility B, ■: Facility  
C). The dotted line shows the 85% criterion for a 
positive result. *: The RFI values of all three facilities 
were 85% or less and significant (p < 0.05) by t-test, 
indicating that a positive test result was obtained.
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ylic anhydride, which was previously reported as a mod-
erate skin sensitizer, was not detected as a sensitizer in 
any of the facilities, but the same results were obtained 
in all facilities. Even though the results were different 
from the LLNA data, the reproducibility between facili-
ties was confirmed. In comparison with the results report-
ed by Facility A, the test method developer, the concord-
ance rates (i.e., the accuracy) of the results of Facility B 
and C were 84.0% and 80.0%, respectively, and the con-
cordance rate of the results among all three facilities was 
76.0%. This value is below 80% and meets the criteria 
of Between Laboratory Reproducibility (BLR) provided 
in the performance standards of some OECD Guidelines 
(OECD, 2015a, 2015b, 2019a).

For 5 of the 6 substances that did not produce repro-
ducible results among the facilities (1-bromohexane, pyri-
dine, 1-iodohexane, lactic acid, and methyl salicylate), the 
results of Facility A were in agreement with the results of 
the LLNA, whereas the results of Facility C did not agree 
with the LLNA results. For the remaining substance (chlo-
robenzene), the SH test results at Facility A and C dif-
fered from the LLNA results, but the results at Facility B 
were consistent with the LLNA results. Based on Table 1,  
Facility A differed from the LLNA for three substanc-
es (1,2,4-benzenetricarboxylic anhydride, 2-hydroxypro-
pyl methacrylate, and chlorobenzene). Facility B differed 
from the LLNA for five substances (1,2,4-benzenetricar-
boxylic anhydride, 1-bromohexane, pyridine, 2-hydroxy-
propyl methacrylate, and methyl salicylate). Facility C 
differed from the LLNA for eight substances (1,2,4-ben-
zenetricarboxylic anhydride, 1-bromohexane, pyridine, 
1-iodohexane, 2-hydroxypropyl methacrylate, chloroben-
zene, lactic acid, and methyl salicylate). Regarding the 
predictive performance for LLNA results at each test 
facility (Table 3), the probability of correctly predicting 
a positive substance as positive (i.e., the sensitivity) was 
94.1% for Facility A and 82.4% for both Facility B and C. 
The probability of predicting a negative substance as neg-

ative (i.e., the specificity) was 75.0% for Facility A and B 
and remarkably lower (37.5%) for Facility C. The accura-
cies were 88.0%, 80.0%, and 68.0% for Facility A, B, and 
C, respectively. The between-facility reproducibility was 
only slightly below the OECD BLR criterion of 80%, but 
there was a large difference in the prediction performance 
of each facility. Therefore, to improve the test accuracy 
and further improve reproducibility to meet the BLR cri-
teria, the causes of the differences in reproducibility and 
prediction performance as well as potential improvements 
of the original standard operating procedure (SOP) were 
studied as described below.

SH test protocol refinements
Optimization of the pH range during cell treatment

For lactic acid, a non-skin sensitizer, Facility A and 
B produced negative results while Facility C produced 
a positive result. In addition, the MAC value was small 
(4.4) in Facility A, but large in both Facility B (26.4), 
which had a negative test result, and Facility C (20.1), 
which had a positive test result. Although the RFI value in 
Facility B for lactic acid changed in relation to the control 
treatment, the test was considered to be negative because 
the change was not significantly different from the control 
treatment. Because the two facilities with negative lactic 
acid results (Facility A and B) used HEPES buffer in the 
cell medium while the facility with positive results (Facil-
ity C) used medium without HEPES buffer, we hypoth-
esized that differences in the pH of the medium affected 
the SH test results. Therefore, we evaluated the effect of 
the pH of the treatment medium on the SH test (Fig. 2). 
Lactic acid (3500 μg/mL, the IC50 value) was added to the 
medium (pH 3.8) and then NaOH was added to prepare a 
treatment medium with a pH ranging from 4.0 to 10.0 in 
1-pH value increments. The RFI value clearly decreased 
in the unadjusted and the pH 4.0 medium compared to the 
higher pH adjusted medium (Fig. 2). Although the SH test 
result could be correctly evaluated as negative in medium 

Table 2.   Consistency of test results for the three facilities.
Facility B Facility C

Positive Negative Positive Negative

Facility A Positive 18 15 3 16 2
Negative 7 1 6 3 4

Accuracy (%) 84.0 80.0
Sensitivity (%) 83.3 88.9
Specificity (%) 85.7 57.1

The consistency rate between all three facilities: 76.0%

Gray shading indicates that the same judgments were obtained in Facility A and in Facility B or C.
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with a pH ranging from 5.0 to 10.0, there was a tendency 
for the tests of the pH 10 medium to become positive due 
to the mean RFI value. Thus, we determined that it was 
necessary to maintain the pH of the treatment medium 
near neutral to obtain good predictability and reproduci-
bility of the SH test. Adjusting the pH changed the lactic 
acid results at Facility C from a false positive to negative. 
Furthermore, the amount of fluctuation in the RFI val-
ues was reduced and stable negative results were obtained 
(refer to lactic acid’s data in Table 4).

Maximum applicable concentration
We then investigated why pyridine, which is a weak 

sensitizer, produced false negative results at Facility 
B and C. Both of the new facilities had low MAC val-
ues and little fluctuation of the RFI values. This suggests 
that the exposure level to the test substance was insuffi-
cient. Therefore, we examined the maximum applicable 
concentration of the test substance. In the conventional 
SOP, the maximum applicable concentration of water-sol-
uble substances for the SH test is 5000 μg/mL. By apply-
ing 15000 μg/mL, we succeeded in detecting pyridine as 
positive (Fig. 3-1). When 10000 μg/mL was applied, the 
mean RFI value exceeded 115% of the cut-off line, but 
the change was not statistically significant by t-test and 
was therefore not determined as a positive result.

On the other hand, Fig. 3-2 shows the results of the 
evaluation of 4 non-sensitizing substances (2-propanol, 
glycerol, ethanol, and propylene glycol) that are com-
monly used as solvents. Increasing the maximum appli-
cable concentration of each of these substances to  
15000 µg/mL did not produce a false positive. There-
fore, changing the maximum applicable concentration 
of the water-soluble test substances for the SH test to  
15000 μg/mL improved the detection sensitivity without 
increasing the false positive rate.

As a result of changing the maximum applicable con-
centration of pyridine to 15000 μg/mL, the result of Facil-
ity B turned from false negative to positive, but Facility C 
did not (refer to pyridine’s data in Table 4). Compared to 

the conventional SOP, the MAC values for both Facility 
B and C were clearly increased, suggesting that the cells 
are reacting to the sensitizer. However, in Facility C the 
amount of change was not statistically significant, and the 
result was not determined as positive.

Of the 25 substances examined in this study, the water-
soluble substances that required re-testing after changing 
the maximum concentration were pyridine and propylene 
glycol. For the other water-soluble substances, it was not 
necessary to change the maximum concentration due to 
cytotoxicity and solubility.

Dispersibility of poorly water-soluble substances
Some of the substances with low between-facili-

ty reproducibility had high log Kow and low water sol-
ubility. The predicted log Kow, determined using KOW-
WIN™ (https://www.epa.gov/tsca-screening-tools/

Table 3.   Prediction performance against LLNA results from each facilities.
Facility A Facility B Facility C

Positive Negative Positive Negative Positive Negative

LLNA Positive 17 16 1 14 3 14 3
Negative 8 2 6 2 6 5 3

Accuracy (%) 88.0 80.0 68.0
Sensitivity (%) 94.1 82.4 82.4
Specificity (%) 75.0 75.0 37.5
Gray shading indicates a prediction consistent with the LLNA results.

Fig. 2.   Effect of pH on RFI value with lactic acid treatment 
in the SH test. RFI values are mean ± S.D. (n = 3) 
of three independent tests. The dotted line shows the 
cut-off line for a positive result with an RFI value of  
≤ 85%. Lactic acid, which is a non-sensitizing sub-
stance, was added at 3500 µg/mL, and pH of the me-
dium was adjusted to each pH value with NaOH.

Vol. 46 No. 5

241

Improving the between-facility reproducibility and usefulness of the SH test



epi-suitetm-estimation-program-interface ), was 3.63 for 
1-bromohexane, 4.05 for 1-iodohexane, and 2.6 for both 
chlorobenzene and methyl salicylate. The SH test incu-
bation time is 2 hr shorter than general testing methods 
using cells. The evaluation can be performed within the 
time when the dispersed state can be maintained even if a 

substance with low water solubility is not uniformly dis-
solved. As shown in  Table 1 , substances, such as hexyl 
salicylate, hexyl cinnamic aldehyde, abietic acid, ben-
zyl cinnamate, and  N , N -dibutylaniline, with a predicted 
log  K ow of 4 to 6 were able to be evaluated. The diff er-
ence in the dispersion state was considered to increase the 

  Fig. 3-1.          Dose response when evaluating pyridine in the SH test.  The maximum applicable concentration of the original standard 
operating procedure of the SH test is 5000 µg/mL. * indicates that the mean RFI value was in the positive region of the SH 
test and was signifi cant ( p  < 0.05) by  t -test. The gray area shows the negative region of the mean RFI value in the SH test 
(85 < RFI < 115). The mean RFI values (bars) and cell viability (lines) indicate the mean ± S.D. of three independent test 
results.   

Fig. 3-2.    The SH test results for each solvent when changing the maximum applicable concentration. The maximum applicable con-
centration of the original standard operating procedure of the SH test is 5000 µg/mL. * indicates that the mean RFI value 
was in the positive region of the SH test and was signifi cant (p < 0.05) by t-test. The gray area shows the negative region 
of the mean RFI value in the SH test (85 < RFI < 115). Each bar represents the mean RFI value ± S.D.. In the test, three 
tests were independently repeated 7 times. : 2-propanol, : ethanol, : glycerol, : propylene glycol.
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variability of the test results. Therefore, in the SH tests 
for substances with poor water solubility, the dispersion 
criterion of test substance in the medium was set to cre-
ate a dispersion state in which the test substance would 
not quickly coalesce during the 2 hr incubation period. In 
Facility B and C where the false-negative result had been 
obtained to 1-bromohexane, the improved dispersion state 
reduced variability of the result and made a statistically 
significant difference compared to the control group, and 
the result turned to the positive. On the other hand, for 
non-sensitizing substances, there were some cases where 
the result changed to a false positive due to the improve-
ment of dispersibility. In Facility A, the methyl salicy-
late result was negative and the MAC value was 15 on 
the borderline. This result was changed to a false positive 
because the MAC value became larger and the variabili-

ty was reduced due to the improved dispersion state and 
associated improved exposure condition in this retest. The 
results of chlorobenzene at Facility B were also affect-
ed by changes in exposure conditions associated with 
improved dispersibility. Initially, although the MAC value 
was 5.9, which was almost unchanged, the improved dis-
persion state increased the MAC value to 69.0 at a low-
er concentration than before. In Facility C, 1-iodohexane 
results changed from false positives to negatives because 
variability in results could not be completely ruled out 
and no significant difference was obtained (Table 4).

Effect of improved test conditions on between-
facility reproducibility

After adjusting the pH, increasing the maximum appli-
cable concentration of water-soluble substances, and 

Table 4.   Results of the SH test with improved methods at the tree facilities.

No Chemicals name
Sensitization 
Potency by 

LLNA

LLNA EC3*
(%)

Results of each facilities

RemarksFacility A Facility B Facility C
MAC 
value Judgement MAC 

value Judgement MAC 
value Judgement

1 Diphenylcyclopropenone Extreme 0.003 448.9 Positive 346.4 Positive 59.2 Positive
2 2,4-Dinitrochlorobenzene Extreme 0.05 82.0 Positive 63.3 Positive 51.3 Positive
3 1,4-Phenylenediamine Strong 0.16 67.7** Positive 29.2 Positive 66.8 Positive
4 Hexyl salicylate Strong 0.18 16.8 Positive 26.9 Positive 39.6 Positive
5 2-Mercaptobenzothiazole Moderate 1.7 74.1** Positive 60.1 Positive 46.8 Positive
6 Nickel sulfate Moderate 4.8 51.6** Positive 37.2 Positive 48.4 Positive
7 4-Chloroaniline Moderate 6.5 48.3** Positive 221.1 Positive 17 Positive
8 1,2,4-Benzenetricarboxylic anhydride Moderate 9.2 4.8 Negative 10.6 Negative 8.7 Negative
9 1-Bromohexane Weak 10 20.3** Positive 19.3 Positive 17.9 Positive 3
10 Hexyl cinnamic aldehyde Weak 11 29.0** Positive 20.0 Positive 40.6 Positive
11 Eugenol Weak 13 19.0 Positive 25.9 Positive 54.7 Positive
12 Abietic acid Weak 15 46.4 Positive 15.1 Positive 16.3 Positive
13 Benzyl cinnamate Weak 18.4 34.2 Positive 15.7 Positive 28.5 Positive
14 N,N-Dibutylaniline Weak 19.6 19.0 Positive 32.6 Positive 16.1 Positive
15 Geraniol Weak 26 25.5** Positive 15.5 Positive 25.4 Positive
16 d,l-Citronellol Weak 43.5 35.1 Positive 17.0 Positive 19.3 Positive
17 Pyridine Weak 72 55.3 Positive 36.6 Positive 21.4 Negative 2

18 Sodium lauryl sulfate Weak  
(False Positive) 14 6.8 Negative 4.9 Negative 6.7 Negative

19 1-Iodohexane Negative - 15.2 Negative 18.7 Negative 39.5 Negative 3
20 2-Hydroxypropyl methacrylate Negative - 22.7** Positive 15.1 Positive 17.7 Positive
21 4-Hydroxybenzoic acid Negative - 4.8 Negative 3.3 Negative 2 Negative
22 Chlorobenzene Negative - 16.0** Positive 69.0 Positive 99.7 Positive 3
23 Lactic acid Negative - 5.8 Negative 12.4 Negative 9.4 Negative 1
24 Methyl salicylate Negative - 24.1 Positive 43.0 Positive 19 Positive 3
25 Propylene glycol Negative - 3.5 Negative 2.8 Negative 8.2 Negative

Gray shading indicates a positive result. LLNA: Local Lymph Node Assay. EC3: Estimated concentration needed to produce a 
stimulation index of 3. The factors that enhanced between-facility reproducibility are explained in the remarks column as follows.  
1: the optimization of pH, 2: the increase in the maximum applicable concentration, and 3: maintaining a homogenized dispersion 
state.
*, ** The LLNA data and Shiseido’s data in this table were taken with permission from Hirota et al. (2015)
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improving the dispersion of the poorly water-soluble sub-
stances, we again tested the various test substances in the 
three facilities (Table 4).

Adjusting the pH of lactic acid changed the positive 
result in Facility C to a negative result, matching those 
results of facility A and B. Increasing the maximum con-
centration of pyridine changed the test result from neg-
ative to positive in Facility B, similar to Facility A. By 
increasing the dispersion, 1-bromohexane, chloroben-
zene, and methyl salicylate were positive at all facilities, 
and 1-iodohexane was negative at all facilities. Compari-
sons of the SH test results between Facility A and Facili-
ty B and C are summarized in Table 5. Facility B gave the 
same results as Facility A for all substances, and Facili-
ty C gave the same results as Facility A, except for pyri-
dine. Reproducibility at the three facilities was 96.0%, 
and the reproducibility between the facilities was greatly 
increased by improving the test conditions.

The predictability to the LLNA results are summa-
rized in Table 6. The sensitivity was 94.1%, 94.1%, and 
88.2% for Facility A, B, and C, respectively. The spec-
ificity was 62.5% at all facilities, and the accuracy was 
84.0% for Facility A and B, and 80.0% for Facility C. 
Compared with results obtained before improving the test 
conditions, the accuracy of Facility A and the specifici-
ty of Facility A and B slightly decreased, but the accura-
cy and sensitivity of Facility B and C improved, and the 
specificity of Facility C was remarkably improved.

DISCUSSION

To avoid animal testing, a number of alternative skin 
sensitization test methods have been developed. The SH 
test examined in this study is a method that evaluates the 
protein binding of sensitizers, which is an important KE 
for establishing skin sensitization (Hirota et al., 2010; 
OECD, 2016a). Therefore, we examined the BLR of the 
SH test, which has not yet been evaluated. The developer, 
Facility A, provided hands-on training to Facility B and 
C, and we first compared the detection sensitivity to the 
positive control substance DNCB among the three facili-
ties. In all three facilities, the limit of detection of DNCB 
was 4 μg/mL, and the dose-effect curves were simi-
lar among the facilities. These results confirmed that the 
newly introduced technologies had sufficient detection 
sensitivity in the two new facilities and that it was possi-
ble to easily transfer the technique between laboratories.

In the SH test development at Facility A, the positive 
control was set at 4 μg/mL DNCB as one of the accept-
ance criteria. It should be noted that the positive control is 
close to the detection limit, but this was considered to be 
an appropriate index for confirming the sensitivity of the 
test method. In addition, confirming the detection sensi-
tivity for DNCB, including the dose-responsiveness, can 
guide new facilities in the technical acquisition of the SH 
test. Although the principle of the test method is different 
between the SH test and the h-CLAT, they both use the 

Table 5.   Consistency of test results with the improved protocol at the three facilities.
Facility B Facility C

Positive Negative Positive Negative

Facility A Positive 19 19 0 18 1
Negative 6 0 6 0 6

Accuracy (%) 100.0 96.0
Sensitivity (%) 100.0 94.7
Specificity (%) 100.0 100.0
The consistency rate between all three laboratories : 96.0%
Gray shading indicates that the same judgments were obtained in Facility A and in Facility B or C.

Table 6.   Prediction performance with improved protocol against LLNA for each facilities.
Facility A Facility B Facility C

Positive Negative Positive Negative Positive Negative

LLNA Positive 17 16 1 16 1 15 2
Negative 8 3 5 3 5 3 5

Accuracy (%) 84.0 84.0 80.0
Sensitivity (%) 94.1 94.1 88.2
Specificity (%) 62.5 62.5 62.5
Gray shading indicates a prediction consistent with the LLNA results.

Vol. 46 No. 5

244

N. Imai et al.



same cells and DNCB as a positive control. As described 
in OECD TG442E (OECD, 2018b), one of the criteria for 
the technical mastering of the h-CLAT is that the range 
of the lower limit concentration that can detect DNCB as 
positive is 0.5 to 10 μg/mL. In other words, if DNCB of 
10 μg/mL or less can be detected, it is determined that the 
h-CLAT has reached a certain technical level. Although 
the SH test and the h-CLAT use the same cells, the treat-
ment conditions and principles of the tests differ, making 
direct comparison difficult. However, the DNCB detec-
tion sensitivity of the SH test (its detection limit was  
4 μg/mL) was not so different from the h-CLAT. There-
fore, it was considered that the detection sensitivity of the 
SH test was sufficient for a skin sensitization test.

To confirm the reproducibility between facilities, the 
SH test was performed on 25 chemical substances and the 
results were compared with the data previously report-
ed by Facility A. The concordance rate of the results of 
all three facilities was 76.0%, which is close to the 80% 
criteria for BLR in the in vitro test method performance 
standard of the OECD test guidelines (OECD, 2015a, 
2015b, 2019a). Relative to the LLNA data, however, the 
sensitivity of Facility A was very high (94.1%), while that 
of Facility B and C was only 82.4%. In addition, there 
were many false positives in Facility C, with an accuracy 
of 68.0% and a specificity of less than 40%. The accuracy 
and specificity are significantly lower than those of Facil-
ity A, which were both 75.0%. Even though the SH test 
tends to have higher sensitivity and lower specificity than 
other test methods (Hirota et al., 2015), a specificity less 
than 40% is too low.

Therefore, we investigated the cause of the decrease 
in specificity and improved the protocol. Lactic acid is a 
typical non-sensitizing substance and is used as a negative 
control in the h-CLAT. Although the reported data from 
Facility A for lactic acid was negative and the MAC val-
ue was small, the result was negative with a large MAC 
value in Facility B and positive with a large MAC val-
ue in Facility C. Adjusting the pH of the medium during 
cell treatment to near neutral decreased the MAC value 
and stable negative results were obtained among the three 
facilities.

The two facilities (Facility A and B) that were initial-
ly negative for lactic acid used a HEPES buffer-contain-
ing medium, while Facility C, which was positive, used a 
HEPES buffer-free medium. Thus, we hypothesized that 
the SH test results might be influenced by pH. We deter-
mined that a low pH gave false positives for lactic acid; 
therefore, it was necessary to adjust the pH of the culture 
solution during cell treatment to be within the range of 
5.0 to 9.0 (7.0 ± 2.0). Regarding the use of HEPES buff-

er-containing medium, the MAC value was large, even 
in Facility B, and the results from Facility B showed the 
same changes as in Facility C due to the pH adjustment. 
In addition, adjusting the pH was more important and the 
use of HEPES buffer-containing medium was set as a rec-
ommended condition rather than an indispensable condi-
tion for the SH test.

After the SH test was reported by Suzuki et al. (2009), 
the maximum applicable concentration of poorly water-
soluble components was increased from 1000 µg/mL to 
2500 µg/mL by Hirota et al. (2013). To correctly evalu-
ate pyridine, we further increased the maximum appli-
cable concentration of water-soluble components from  
5000 µg/mL to 15000 µg/mL. In Facility B and C, the 
MAC value was small when evaluating 5000 µg/mL pyr-
idine and there was almost no change in the cell surface 
thiols. Because the same phenomenon was observed at the 
two facilities, it was not considered to be due to the tech-
nical or experimental environment of the facilities. When 
the maximum applicable concentration was increased to 
15000 µg/mL pyridine, the MAC value greatly increased. 
Although a positive result was obtained in Facility B, a 
positive result was not obtained in Facility C because the 
change was not statistically significant. The RFI values of 
each independent testing fluctuated sufficiently, but the 
fluctuation was not significant and the test result was not 
determined as a positive (data not shown). For the current 
SH test to produce a positive result, the mean RFI val-
ue obtained by each independent test must be ≤ 85% or  
≥ 115% and the fluctuation must be statistically signifi-
cant. The variability among each individual test must be 
sufficiently small to produce a significant difference rela-
tive to the solvent control group. With this method, even 
if all the test results are positive, it is difficult to make 
a positive judgment when the variability of the result is 
large across each test.

In the study of dispersibility, the concordance rate of 
the results was improved by making the dispersal state 
between facilities similar. We considered specifying the 
dispersion method, such as the mixing device, ultrasoni-
cation conditions, and processing time. When considering 
the possibility that the SH test will be introduced to many 
facilities in the future, however, the processing conditions 
will depend on the equipment used in each test facility 
and it may not be appropriate to attempt to set specific 
dispersion conditions. In addition, the appropriate mixing 
conditions will also depend on the substance being evalu-
ated. Thus, we did not define these conditions in the SOP.

The exposure time of the test substance to the cells 
in the SH test was 2 hr, which, is relatively short for a 
test method using cultured cells. In addition, the test sys-
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tem was not greatly affected even if the test substance 
was not completely dissolved in the medium. There-
fore, we confirmed that complete dissolution of the test 
substance was not an essential condition during the test, 
and that the test can be performed on substances that 
are not in a uniformly dispersed state. Thus, if the dis-
persion state can be maintained only for 2 hr, which is 
the exposure time required for the SH test, reproducible 
results can be obtained. For 1-bromohexane, 1-iodohex-
ane, chlorobenzene, and methyl salicylate, which had a 
large log Kow and low consistency at the three facilities, 
a stirring method that could maintain a good dispersion 
state for two hours was set, and the test was conducted 
again. By improving the dispersion conditions, the repro-
ducibility between facilities for these substances was 
increased. In the case of chlorobenzene, while cytotoxic-
ity was observed more than when the MAC value of 5.9 
was obtained, the result was considered to be the effect of 
improved exposure of the test substance on the cells. Sim-
ilar levels of cytotoxicity were observed at the other two 
facilities, suggesting that the test conditions were homog-
enized. Although it was possible to turn false negatives 
to positives by improving the dispersion state, there were 
also some cases where negatives were turned to false 
positives such as the case of methyl salicylate and chlo-
robenzene. However, in most cases the variability in test 
results was reduced and the reproducibility between facil-
ities could be enhanced by improving and homogenizing 
the dispersion state. This greatly contributed to the pur-
pose behind this study. As shown in the remarks column 
of Table 4, among all the test conditions examined in this 
study, the improvement of dispersion state contributed 
most to the enhance of reproducibility of the 25 substanc-
es. The improvement of dispersion state also contribut-
ed to the predictability of the LLNA results. It is ideal to 
maintain a uniformly dispersed state but our results indi-
cated that even if the test substance slightly precipitates 
in the medium, an appropriate evaluation can be made as 
long as it can be readily redispersed by gently shaking the 
test tube.

By paying attention to the dispersion state, the repro-
ducibility rates between the facilities were improved, but 
the variation in the RFI value between tests was relative-
ly large because the substances were not homogeneously 
dissolved. In such conditions, it is difficult to make a pos-
itive judgment and the results might be negative. When 
evaluating poorly water-soluble substances, it is neces-
sary to pay attention to the variability in the RFI of each 
test and to judge whether the test result is appropriate or 
not, but the problem may be solved by improving the pro-
cedures and conditions. We will consider this issue in a 

future study.
By improving the testing conditions, reproducibility 

rates among the three facilities was increased from 76.0% 
to 96.0%. For the predictability to the LLNA results, 
Facility C showed a marked improvement in the spec-
ificity from 37.5% to 62.5%, and sensitivity and accu-
racy also improved from 82.4% to 88.2% and 68.0% to 
80.0%, respectively. Facility B showed an improvement 
in the sensitivity from 82.4% to 94.1% and the accura-
cy from 80.0% to 84.0%, but the specificity was slightly 
decreased from 75.0% to 62.5%. Facility A showed slight 
decrease in the accuracy from 88.0% to 84.0% and speci-
ficity from 75.0% to 62.5%. This is because, as a result of 
improving and homogenizing the dispersion state, expo-
sure to the test substance was also improved and homog-
enized, reproducibility between facilities was improved, 
and false negative results turned positive, but some neg-
ative results turned also false positive. According to the 
report by Hirota et al. (2015), the predictability of the SH 
test for the LLNA results of 73 substances is 96.2% for 
sensitivity, 52.4% for specificity, and 83.6% for accuracy. 
Compared with these earlier reports, the predicted per-
formance of the refined SH test was almost the same as 
that of the conventional SH test, and it is considered that 
the new test conditions resulted in better between-facili-
ty reproducibility. In addition, the performance standard 
for other in vitro skin sensitization test methods requires 
a criterion of 80% to be cleared for sensitivity, specifici-
ty, and accuracy (OECD, 2015a, 2015b, 2019a). Although 
the improved SH test did not meet the standard for spec-
ificity, it did meet the standard for sensitivity and accura-
cy.

Of the seven LLNA-negative substances used in this 
study, three substances (2-hydroxypropyl methacrylate, 
chlorobenzene, and methyl salicylate) were determined to 
be positive in the new SH test. These substances, how-
ever, also give false positives in other test methods. Spe-
cifically, 2-hydroxypropyl methacrylate was determined 
to be positive in the DPRA and the Keratinosens™ test 
methods, and chlorobenzene was determined to be posi-
tive in the h-CLAT (Hirota et al., 2013).

Regarding the false-negative findings, only 1,2,4-ben-
zenetricarboxylic anhydride in this chemical set was not 
detected as positive in all three facilities. According to 
previous reports, this substance was detected as posi-
tive in the h-CLAT, but produced a false negative in the  
Keratinosens™ test. In the DPRA, Hirota et al. (2013) 
reported a positive result while Urbisch et al. (2015) 
reported a false negative result. These test methods, like 
the SH test, are performed in an aqueous solution, and it 
is reportedly difficult to evaluate skin sensitizing prop-
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erties of acid anhydrides under these conditions (Narita  
et al., 2017, 2018). In addition, since 1,2,4-benzenetri-
carboxylic anhydride binds to the lysine group instead of 
the cysteine group during protein binding (Urbisch et al., 
2015), it is reasonable that it cannot be detected by the 
SH test.

This study revealed that the SH test still has some 
issues with the operational efficiency of the test and pro-
tocol clarity. These issues are currently being evaluated 
and will be reported in the near future.

In conclusion, based on the results of this study, the SOP 
of the SH test was improved as follows: i) the maximum 
applicable concentration of water-soluble substances was 
changed from the conventional level of 5000 µg/mL to  
15000 µg/mL, ii) the pH was set to pH 7.0 ± 2 during 
the treatment of the test substance, and iii) the disper-
sion state was maintained for 2 hr in order to evaluate a 
poorly water-soluble substance. This study suggested that 
the SH test with the improved protocols is a reliable skin 
sensitization test with high technical transferability and 
between-facility reproducibility.
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