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Introduction  
Because of increasing social concern about animal 
welfare and the use of animals in testing, many 
alternative, non-animal tests have been proposed. 
There is particular interest in developing alterna-
tive methods for skin sensitization testing (De 
Silva et al., 1996). Measuring phenotypic changes, 
such as CD86 or CD54 expression on dendritic 
cells, induced by sensitizers is an important ap-
proach for developing alternative methods of 
evaluating skin sensitization potential (Aiba et al., 
1997; Hopper et al., 1995). However, the effects of 

chemicals on the surface phenotype of dendritic 
cells are dependent on the source of peripheral 
blood used to obtain the cells; in other words, the 
effect varied from donor to donor (Aiba et al., 
1997; Rougier et al., 2000). Furthermore, it is not 
easy to obtain sufficient fresh peripheral blood. In 
order to overcome these problems, we tested hu-
man leukemia cell lines, such as THP-1, as surro-
gates for dendritic cells. We have reported that 
THP-1 cells, which show enhanced CD86 and/or 
CD54 expression when treated with sensitizers, 
can be used in an in vitro skin sensitization test 
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Abstract 
The human Cell Line Activation Test (h-CLAT) is an in vitro skin sensitization test based on the enhance-
ment by sensitizers of CD86 and/or CD54 expression on THP-1 cells. The aim of this study is to confirm
the transferability and reproducibility of the h-CLAT protocol. Seven Japanese laboratories participated in
this h-CLAT ring study. First, two well-known sensitizers (dinitrochlorobenzene (DNCB) and nickel sul-
fate (Ni)) and one non-sensitizer (sodium lauryl sulfate (SLS)) were evaluated at each laboratory with the
same protocol at the same application dose. All laboratories correctly evaluated the skin sensitization po-
tential of these three chemicals. Next, four sensitizers and one non-sensitizer were tested as a second trial.
There were two false-negatives (ethylene diamine and eugenol) in some laboratories. Finally, chemicals
tested in the second trial were re-evaluated with doses individually determined by each laboratory as a
third trial. The results were almost the same as the results obtained when all the laboratories tested the
same application doses. These results suggest that for more precise evaluation of difficult samples (e. g.,
unstable or water-insoluble chemicals), modifications of the protocol and prediction model are needed.
However, the protocol was easily transferred to all laboratories and there were only a few false-negatives
among 56 tests (8 chemicals at 7 laboratories).  
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(Ashikaga et al., 2002; Yoshida et al., 2003), and 
we named this test the human cell line activation 
test (h-CLAT). In our previous study, we optimized 
the test conditions (Ashikaga et al., 2006) and con-
firmed good predictive performance using nine 
chemicals (Sakaguchi et al., 2006). When the crite-
ria for positive response of CD86 and CD54 in 
h-CLAT were set at 150% and 200% respectively, 
the correspondence between in vivo and in vitro 
was more than 90% (Ashikaga et al., 2007). 
h-CLAT could predict the sensitization potential of 
preservatives, which are well-known sensitizers 
(Sakaguchi et al., 2007). These results suggested 
that h-CLAT could be a useful in vitro test system 
for predicting sensitizing properties of chemicals. 
Before submission of h-CLAT to a public center 
for validation of alternative methods, we required 
further data, especially on inter-laboratory repro-
ducibility among multiple laboratories. Therefore, 
this inter-laboratory study was set up to confirm 
the transferability and reproducibility of the 
h-CLAT protocol. Seven Japanese laboratories par-
ticipated in this study, with the support of the Min-
istry of Health, Labor and Welfare. 
 
Materials and Methods 
Study management and SOP 
An initial test protocol was developed based on our 
previous study (Ashikaga et al., 2006). In the light 
of subsequent experiments, a refined and detailed 
standard operating procedure (SOP) was defined 
for conducting further study. 
 
Cells and culture 
THP-1 cells (ATCC No. TIB-202) were purchased 
from American Type Culture Collection (ATCC, 
Manassas, VA, USA). Cells were cultured in RPMI 

1640 medium (Invitrogen Corp., Carlsbad, CA 
USA) with 10% FBS (v/v) (MP Biomedicals, 
Morgan Irvine, CA, USA, Cat. No. 29165, Lot. No. 
2688H), 0.05 mM 2-mercaptoethanol and 1% An-
tibiotic-Antimycotic (Invitrogen Corp., Carlsbad, 
CA USA).  
 
h-CLAT procedure 
THP-1 cells were seeded at between 0.1x106 and 
0.2x106 cells/mL, and pre-cultured for 48 h or 72 h. 
After the incubation, THP-1 cells were plated at 1 
x 106 cells/ml in a 24-well plate and treated for 24 
h with test chemical. The final concentration of 
DMSO, when this was used as a solvent, in culture 
media was less than 0.2%. Chemical-treated cells 
were washed twice with PBS(-) containing 0.1% 
BSA. Then, the cells were treated with 0.01% 
globulins, Cohn fraction II, III (Sigma-Aldrich) for 
FcR blocking, for 10 min at 4℃. Cell staining was 
done at 4゜C for 30 min. Anti-human CD86 anti-
body was obtained from BD-PharMingen (Clone: 
Fun-1, San Diego, CA, USA). Anti-human CD54 
antibody was obtained from DAKO (Clone: 6.5B5, 
Glostrup, Denmark). FITC labeled-mouse IgG1 
was purchased from DAKO (Clone; DAK-G01, 
Glostrup, Denmark) and used as an isotype control. 
Cells were washed once with PBS(-) containing 
0.1% BSA, and expression of cell surface antigens 
was analyzed by flow cytometry. Dead cells were 
gated out by staining with propidium iodide (PI, 
0.625 g/ml). In total, 10,000 living cells were 
analyzed. When the cell viability was less than 
50%, Relative Fluorescence Intensity (RFI) was 
not calculated because of diffuse labeling of cyto-
plasmic structures due to cell membrane destruc-
tion (Becker et al., 1992). RFI was used as an in-

 

 
Test chemicals LLNA  

EC3(%) 

Potency cate-
gory  

by LLNA 

Common 
CV75 

(g/mL) 

vehicle for  
h-CLAT 

 p-Benzoquinone (BQ) 0.0099 Extreme 3.5 DMSO 

 1-Chloro-2,4-dinitrobenzene (DNCB) 0.05 Extreme 6.0 DMSO 

 Glutaraldehyde (GA) 0.1 Strong 8.0 Saline 

 Ethylene diamine (ED) 2.2 Moderate 250 Saline 

 Nickel sulfate (Ni) 4.8 Moderate 150 Saline 

 Eugenol (EU) 13 Weak 150 DMSO 

 Lactic acid (LA) Not calculated Non-sensitizer 2800 Saline 

 Sodium lauryl sulfate (SLS) N.D. False potitive 60 Saline 

Table 1  Test chemicals and common dose setting                                (ND= No data). 
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dicator of CD86 and CD54 expression and was 
calculated as follows: 
 
 

(MFI of chemical-treated cells－ 
MFI of chemical-treated Isotype 
control cells) 

RFI (%) =                            ×100 
(MFI of vehicle control cells－ 
MFI of vehicle Isotype  
control cells) 

 
MFI = (Geometric) Mean fluorescence intensity  

 
Test chemicals and application doses 
Eight test chemicals are shown in Table 1. All 
chemicals have been evaluated and classified with 
the LLNA (Gerberick et al., 2005). Six sensitizers 
were evaluated: two extreme, one strong, two 
moderate, and one weak allergens, as classified by 
LLNA. Two non-sensitizers were also evaluated: 
one non-classified allergenic chemical and the 
other false positive by LLNA. All chemicals were 
purchased from Sigma-Aldrich. In first and second 
trials, application doses were determined from the 
results of cytotoxicity tests conducted at two labo-
ratories. Cytotoxicity was evaluated by flow cy-
tometry with propidium iodide (PI) (PI assay). 
From the PI assay data, eight doses based on the 
dose estimated to give 75% cell viability (CV75) 
were used [1.2 x CV75, 1 x CV75, 1/1.2xCV75 (or 
0.8333xCV75), 1/1.22xCV75 (or 0.6944xCV75), 
1/1.23xCV75 (or 0.5787xCV75), 1/1.24xCV75 (or 
0.4822xCV75), 1/1.25xCV75 (or 0.4019xCV75) 

and 1/1.26x CV75 (or 0.3349xCV75)]. The appro-
priateness of this dose setting was confirmed by 
the evaluation of more than 60 chemicals (Ashi-
kaga et al., 2007). All CV75 doses of test chemi-
cals used in this study are shown in Table 1. The 
vehicle was saline or DMSO (SIGMA-ALDRICH, 
Cat. No. 154938, purity ≧99.9%). In the third 
trial, each laboratory individually conducted cyto-
toxicity testing for determination of the application 
doses.  
 
Data analysis  
Tests were performed three times with each 
chemical. The values of cell viability and CD86/54 
expression were calculated as the mean of the three 
tests. The average of three experiments at any dose 
should exceed the positive criterion (“CD86 ≧ 
150 or CD54 ≧  200”) in order for the test 
chemical to be considered as ‘positive’.  
 
Cell culture conditions 
THP-1 cells cultured in Lab “F” showed unac-
ceptably low viability (less than 50%) when treated 
with 5 g/mL DNCB (CV75/1.2), which was used 
as a positive control in every experiment. For that 
reason, the dose-response of DNCB in Lab "F" 
was different from the results in other laboratories 
(Fig. 1-a). However, when freshly cultured THP-1 
cells were introduced in Lab "F", the results were 
very similar to those in the other laboratories (Fig. 
1-b). Both the firstly tested cell and the freshly 
cultured cell originated from a same lot of THP-1. 

 

Fig. 1  Improvement of reproducibility (example 1)
At laboratory "F", the cell viability at 5 g/mL DNCB (CV75/1.2) was improved when DNCB was
re-evaluated with freshly cultured THP-1 cells. a=First experiment; b=Second experiment. ▲= Viability; ●=
CD86; ■= CD54. Small dotted line: criterion for CD86 positivity; dashed line: criterion for CD200 positivity.
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The viability of the freshly cultured cell treated 
with 5mg/mL of DNCB (CV75/1.2) was about 
70%. On the other hand, that of the firstly tested 
cell was less than 40%, and the value meant condi-
tion of the cell was not good. Condition of the 
firstly tested cell could have decreased due to 
wrong operation such as over-growth during cell 
culture. Moreover, in Lab “D” the dose-response of 
Ni was initially different from those in the other 
laboratories (Fig. 2-a). Cell viability of control 
cells at this time was less than 90%, which was 
unusual. When Lab “D” re-evaluated Ni with 
freshly cultured THP-1 cells, the viability of con-

trol cells was over 90% and both CD86 and CD54 
were enhanced by treatment of the test cells with 
Ni (Fig. 2-b). These results suggested that tight 
control of cell culture conditions is important for 
good reproducibility in the test.  
 
Inter-laboratory reproducibility with three 
well-known chemicals 
As a first trial, seven laboratories tested two 
well-known sensitizers (DNCB and Ni) and one 
non-sensitizer (SLS), after the introduction of 
tighter control of cell culture conditions. Fig. 3 
shows the inter-laboratory reproducibility for 

 

 
Fig. 2  Improvement of reproducibility (example 2)
At laboratory "D", the cell viability of control cells was improved when freshly cultured THP-1 cells were used, and the
dose-response curve of Ni was similar to those in the other laboratories. a=First experiment; b=Second experiment. ▲=
Viability; ●= CD86; ■= CD54. Small dotted line: criterion for CD86 positivity; dashed line: criterion for CD200
positivity. 

Fig. 3  Inter-laboratory reproducibility of prediction for DNCB
▲= Viability; ●= CD86; ■= CD54. Small dotted line: criterion for CD86 positivity; dashed line: criterion
for CD200 positivity. 
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DNCB. In all laboratories, DNCB clearly en-
hanced both CD86 and CD54 at several doses and 
the dose-response relationships were basically 
similar. Both CD86 and CD54 were augmented 
dose-dependently at lower doses and their expres-
sion was suppressed due to cytotoxicity at higher 
doses. Ni also enhanced both CD86 and CD54 of 
THP-1 cells in all laboratories (Fig. 4). In particu-
lar, CD54 expression was remarkably induced by 
the Ni treatment in a dose-dependent manner. On 
the other hand, SLS, a non-sensitizer, did not affect 

CD86 or CD54 expression at any dose, including 
higher “subtoxic doses”, in all laboratories (Fig. 5). 
All seven laboratories correctly evaluated the sen-
sitizing potential of these three chemicals. The re-
producibility of dose-response relationships among 
laboratories was excellent.  
 
Inter-laboratory reproducibility of five addi-
tional chemicals 
Next, four sensitizers, covering diverse sensitizing 
potentials, and one non-sensitizer were tested as a 

 

 
Fig. 4  Inter-laboratory reproducibility of prediction for Ni
▲= Viability; ●= CD86; ■= CD54. Small dotted line= criterion for CD86 positivity; dashed line: criterion
for CD200 positivity. 

Fig. 5  Inter laboratory reproducibility of SLS
▲= Viability; ●= CD86; ■= CD54. Small dotted line= criterion for CD86 positivity; dashed line: criterion
for CD200 positivity. 
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second trial. In the second trial, all five chemicals 
were tested based on common CV75 values. The 
results for the five chemicals in seven laboratories 
are summarized in Table 2. Thirty-three out of 35 
tests corresponded with LLNA. There were two 
false-negatives (ethylene diamine and eugenol), 
but no false-positives. The overall accuracy of the 
1st and 2nd trials was about 96%. In summary, the 
reproducibility of h-CLAT was basically good. 
Either CD86 or CD54 was slightly enhanced in the 
two false-negative cases (data not shown), but the 

increases did not meet the criteria for positivity.  
 
Inter-laboratory reproducibility, including dose 
finding 
In order to further assure of the performance of the 
assay, chemicals tested in the second trial were 
evaluated again in a third trial. In this trial, each 
laboratory individually performed cytotoxicity as-
say, and determined the application doses based on 
their own results. Table 3 shows CV75 values (es-
timated dose affording 75% cell viability) at each 

 

 

Table 2  Summary of the first and second trials 
The results of evaluation of eight chemicals in the seven laboratories are summarized.  
Results; += positive; -= negative. Battery (CD86/CD54). *; Laboratory “D” judged BQ posi-
tive as a result of eight experiments. Shaded cell= LLAN and h-CLAT predictions differ. 

 

Table 3  Values of CV75 at each laboratory in the third trial
Grand mean= mean value of all seven laboratories; SD= standard deviation; CV= coefficient of variation. 

Table 4  Summary of the third trial 
The results of re-evaluation of five chemicals in the seven laboratories are summarized.    
Results; += positive; -= negative. Battery (CD86/CD54). Hatched cell= LLAN and h-CLAT 
predictions differ.  



Ashikaga T et al, Assessment of the human Cell Line Activation Test (h-CLAT), AATEX 13(1), 27-35, 2008 

 33

laboratory. There was some variation of CV75 
among laboratories. This might have been caused 
by differences of culture conditions between labo-
ratories, because the same lots of serum and the 
same cell line were used at all laboratories. How-
ever, the CV75s at the individual laboratory were 
very close to the common CV75s used in the sec-
ond trial. The coefficient of variation for each test 
chemical was between 0.07 and 0.4, and the range 
of CV value was good compared with that in an-
other inter-laboratory study on cytotoxicity assay 
(Tani et al., 1999). The results of the third trial are 
summarized in Table 4. Among the five test 
chemicals, p-benzoquinone, glutaraldehyde and 
lactic acid were correctly evaluated at all laborato-
ries. On the other hand, two laboratories missed 
the sensitizing potential of ethylene diamine or 
eugenol. These results are almost the same as those 
in the second trial.  
 
Discussion    
Several in vitro skin sensitization methods using 
cell lines have been reported in response to current 
trends in animal welfare and regulatory opinion 
(Casati et al., 2005), but final validation and regu-
latory acceptance have not yet been achieved. We 
have reported that h-CLAT using THP-1 cells was 
useful for predicting skin sensitization in vitro 
(Ashikaga et al., 2007; Sakaguchi et al., 2007). 
However, more data were needed, especially about 
the transferability of the protocol, and the in-
ter-laboratory reproducibility of the test, in order to 
support formal validation activities (Hartung et al., 
2004). Therefore, we organized a multi-laboratory 
study involving seven laboratories. As a first step, 
two well-known sensitizers (DNCB and Ni) and 
one non-sensitizer (SLS) were evaluated. The pur-
pose of the first trial was to establish technology 
transfer of the h-CLAT protocol. Because all labo-
ratories correctly evaluated the sensitization poten-
tials of these three chemicals, transferability of the 
assay was judged to be basically good. However, 
some differences in dose-response relationship 
were observed. The reproducibility improved when 
re-evaluation was conducted with freshly cultured 
THP-1 cells. These results suggest that tight con-
trol of cell culture conditions is important, espe-
cially for good reproducibility of cell-based assay 
in which protein expression is used as an indicator.  

Based on these results, we refined the stan-
dard operating procedure (SOP). We introduced the 
requirements that the viability of control cells 
should be more than 90 %, and that the viability in 

the positive control should be more than 60%. Af-
ter the introduction of tighter control of cell culture 
conditions, the reproducibility of the dose-response 
relationship was improved. From the result of the 
first trial, we concluded that the h-CLAT protocol 
is easy to transfer, and to further confirm the re-
producibility with various kinds of chemicals, we 
tested four sensitizers and one non-sensitizer in a 
second trial. In the total of 35 tests (seven labora-
tories, five chemicals), there were two 
false-negatives (ethylene diamine and eugenol). 
Therefore, inter-laboratory reproducibility of the 
assay was basically good. Ethylene diamine is 
known to be very reactive with organic compounds 
(Agius et al., 1991), and it evaporates at room 
temperature. Further, eugenol showed poor water 
solubility at the application doses, because oil 
drops were observed in the cell culture medium. It 
would be difficult for h-CLAT to evaluate the sen-
sitization potential of such chemicals, so the false 
negative results may simply reflect the particular 
characteristics of these two chemicals. It will be 
necessary to clarify the extent of applicability of 
h-CLAT, particularly in relation to the physico-
chemical properties of target molecules. Some dif-
ferences in CD86/CD54 expression pattern were 
also observed among laboratories. This confirms 
the importance of predicting sensitizing potential 
not just with one marker, but with two or more 
markers. Python et al. (2007) reported that a com-
bination of at least two markers was needed to es-
tablish a reliable evaluation of dendritic cell acti-
vation potential. We also should mention problems 
of h-CLAT. Test chemicals are treated with THP-1 
cells in cell culture medium. Therefore, if test 
chemical disperse non-equally in cell culture me-
dium (e.g., sticky, water-proof particle, oil spill, 
etc.), h-CLAT may not evaluate these potential 
correctly. In addition, THP-1 is thought to almost 
not have metabolic enzymes such as P-450 (Prof. 
Yoshida, Showa Univ., personal communication). 
Therefore, h-CLAT might not be able to evaluate a 
potential of chemical that can be changed by me-
tabolism. Study on the applicability domain of 
h-CLAT remains to be done. 

Finally, chemicals tested in the second trial 
were re-evaluated with doses determined at each 
individual laboratory as a third trial, to see whether 
more appropriate application doses could be se-
lected, depending on the precise test conditions. 
However, differences of the values of CV75 be-
tween laboratories were not large. Furthermore, the 
results (positive/negative judgment) were almost 
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the same as in the second trial with common ap-
plication doses. In conclusion, further study is 
necessary, especially to clarify the limitations of 
the assay. Finally, all laboratories correctly judged 
the sensitization potential of six test chemicals 
among eight chemicals. These results suggest that 
the h-CLAT protocol is easy to transfer, and that 
inter-laboratory reproducibility is basically good. 
We consider that h-CLAT will be ready for formal 
pre-validation study after further minor improve-
ments of the method. 
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