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Abstract 
The human Cell Line Activation Test (h-CLAT) is an in vitro skin sensitization method based on augmen-
tation of CD86 and CD54 expression in THP-1 cells (human monocytic leukemia cell line). In our previ-
ous Japanese inter-laboratory study, we reported that the transferability and reproducibility of the h-CLAT
is basically good. The aim of this study was to define the criteria for selecting appropriate THP-1 cells in
the h-CLAT. In this study, new THP-1 cell lots were obtained from three cell banks: one in America,
Europe and Japan. Using these three lots plus the cell lot we had previously used and obtained from ATCC
we investigated the CD86/CD54 expression following exposure to two allergens (DNCB and Ni) and one
non-allergen (SLS). Compared with the previous ATCC lot, two new lots showed similar results. Mean-
while, the third new lot showed distinctly different results in cell viability and CD86/CD54 augmentation
induced by Ni compared to the other three lots. These results showed that the variability of cellular re-
sponses in the THP-1 cells depended on the cell source. In conducting the h-CLAT, it would be important
to select appropriate THP-1 cells to predict correctly the skin sensitization potential. 
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ORIGINAL  ARTICLE

Introduction  
Allergic contact dermatitis (ACD) resulting from 
skin sensitization is a common occupational and 
environmental health issue. In developing new 
cosmetics and toiletry products that come in con-
tact with the skin, it is necessary to evaluate the 
skin sensitization potential of the ingredi-
ents/products. Traditionally, skin sensitization tests 
have been conducted in guinea pigs. Because of an  
increasing social concern for animal welfare, sev-

eral cell based in vitro skin sensitization tests have 
been developed (Ryan et al., 2001; Basketter et al., 
2005). As candidate cells, peripheral blood-derived 
dendritic cells (Aiba et al., 1997; Coutant et al., 
1999; Tuschl et al., 2001; Hulette et al., 2002; 
Staquet et al., 2004) and CD34+ cord blood hema-
topoietic progenitor cells (De Smedt et al., 2002; 
Boisleve et al., 2004) were used. Although using 
these cells for identifying allergy potency in vitro 
has indicated promising data, there are still some 

55 



Nanae Kosaka et al., A Study of the Criteria for Selection of THP-1 Cells in the Human Cell Line Activation Test (h-CLAT): 
Results of 2nd Japanese Inter-laboratory Study, AATEX 13(2), 55-62, 2008  

technical problems with the routine use of these 
cells for in vitro skin sensitization tests. Problems 
included difficulty in obtaining a sufficient number 
of cells and variability among human donors (Aiba 
et al., 1997; Rougier et al., 2000). In order to clar-
ify these problems, several groups have proposed 
using other human cell lines; THP-1 cells, U937 
cells (human histiocytic lymphoma cell line) and 
MUTZ-3 (human monocytic cell line) (Ashikaga et 
al., 2002; Yoshida et al., 2003; Ade et al., 2006, 
Azam et al., 2006). Previously, we have reported 
the usefulness of the h-CLAT using THP-1 cells 
(Ashikaga et al., 2006; Sakaguchi et al., 2006). 
Moreover, our Japanese inter-laboratory study 
found that the transferability and reproducibility of 
the h-CLAT was basically good (Ashikaga et al., 
2007). 

In all of our previous studies, we used THP-1 
cell lots obtained from American Type Culture 
Collection (ATCC). THP-1 cells are commonly 
available in other cell banks. Even though THP-1 
cells are established as a cell line, the cells have 
not always had exactly the same property.  
Therefore, in this study, we obtained new THP-1 
cell lots from three cell banks in order to confirm 
that those cell lots show a similar response as the 
previous lot. Furthermore, our final goal is to de-
fine the criteria for selecting appropriate THP-1 
cells in the h-CLAT.  

 

Materials and Methods 
Collaborating laboratories 
Laboratory A: Kao Safety Science Research Labo-
ratory. Laboratory B: Kanebo Cosmetics Products 
Science Research Laboratory. 

Cells and medium 
A total of four THP-1 cell lots were evaluated. One 
lot had been purchased from ATCC (Manassas, VA, 
USA) and used in our previous Japanese in-
ter-laboratory study. This lot served as the refer-
ence lot in this study. Three new THP-1 cell lots 
were obtained from three sources: American, 
European, and Japanese cell banks. Cells were 
cultured in RPMI 1640 (Invitrogen Corp., Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS; MP Biomedicals, Irvine, CA, USA, 
lot#. 2688H), 0.05mM 2-mercaptoethanol and 1% 
of antibiotic-antimycotic (Invitrogen Corp.). 
 
Chemicals and applying doses 
Dinitrochrolobenzene (DNCB) and nickel sulfate 
(Ni) known as allergens and sodium lauryl sulfate 
(SLS) known as a non-allergen were evaluated in 
the h-CLAT. All chemicals were purchased from 
SIGMA-ALDRICH (St. Louis, MO, USA). Ni and 
SLS were first dissolved in saline, and DNCB was 
dissolved in dimethyl sulfoxide (DMSO). The final 
concentration of DMSO in culture media was less 
than 0.2%. In order to determine the test doses, 
each laboratory conducted a cytotoxicity test using 
propidium iodide (PI). From the cytotoxicity test, 
the dose for each chemical was set at the concen-
tration giving 75% cell viability (CV75). In addi-
tion, as a positive control in the h-CLAT, 5 μg/mL 
of DNCB was evaluated. 
 
Cytotoxicity test 
THP-1 cells from each lot were cultured in 24-well 
plates (1.0x10

6
 cells/1 mL/well) with various con-

centrations of chemicals for 24 h. Cells were 
washed twice, and then stained with 0.625μg/mL 

 

 
Figure1  
Cell number of each THP-1 cell lot after 72h culture 
Each laboratory evaluated the proliferation of each THP-1 cell lot once a week during
two months (at week 3-9 cultures).  Data are expressed as mean ± SD (n=7). 
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PI.  Cell viability was measured by using flow 
cytometry. Total events for living cell counting 
were 10,000. 
 
h-CLAT procedure 
THP-1 cells from each lot were plated at 1.0 x 106 
cells/mL and treated for 24 h with media or each 
chemical. After treatment, Fc receptor blocking 
procedure was conducted: 0.01% of Globlins Cohn 
fraction II, III (SIGMA-ALDRICH) was added to 
THP-1 cells for 10 min on 4°C. Next, cell staining 
was performed using the following FITC-conju-
gated monoclonal antibodies (mAbs): anti-human 
CD54 (clone; 6.5B5) from DAKO (Glostrup, 
Denmark), anti-human CD86 (clone; Fun-1) from 
BD-PharMingen (San Diego, CA, USA) and FITC 
labeled-mouse IgG1 (clone; DAK-G01) from 
DAKO. Using the manufacturer’s recommended 
dilutions, cells were incubated with the above 
mAbs at 6μL/3x105 cells/50μL for the anti-human 
CD86 mAb and 3μL/3x105 cells/50 μL for the 
anti-human CD54 mAb. Also, FITC labeled-mouse 
IgG1 was used as an isotype control at a dilution of 
3μL/3x105 cells/50 μL. Cells were incubated with 
these mAbs for 30 min at 4°C. After washing and 
resuspending with PBS (-) supplemented with 
0.1% bovine serum albumin (BSA), the 
fluorescence intensities of the THP-1 cell surface 
markers were analyzed by flow cytometry (FACS 
Calibur Cell Quest, Becton Dickinson, San Jose, 
CA, USA). A solution of 0.625μg/mL PI was used 
to gate out dead cells. A total of 10,000 living cells 
were analyzed. 
 
Data analysis 
The relative fluorescence intensity (RFI) was used 
as an indicator of CD86/ CD54 expression and was 
calculated by the following formula: 

 
MFI of        MFI of  
chemical-     chemical- 
treated cells  -  treated Isotype 

control cells 
RFI (%) =                            ×100 

MFI of        MFI of 
vehicle        vehicle 
control cells  -  Isotype 

control cells  
 
 
MFI = (Geometric) Mean fluorescence intensity 
 
 

RFI values above 150 and 200 for CD86 and 
CD54 expression, respectively, were considered 

positive response following exposure to a chemical. 
When the cell viability was less than 50% in even 
one experiment, the data at that concentration was 
excluded from the analysis of the data. The reason 
is that the diffuse labeling cytoplasmic structures 
that occur due to cell membrane destruction will 
interfere with fluorescent measurements (Becker et 
al., 1994). Also, data were not included in the 
analysis when the cell viability with DNCB at 
CV75 was not within a range of 60-90%. 
 
Statistical analysis 
The Student’s t-test was used to analyze data for 
significant differences. The value was regarded as 
significant at p<0.01. 
 

Results 
Proliferation of THP-1 cells 
A total of four THP-1 cell lots were cultured dur-
ing two months by both labs. Each lab evaluated 
the proliferation of each THP-1 cell lot once a 
week during the two months (at week 3 through 
week 9 cultures). After culturing for 72h, the cell 
number of each THP-1 cell lot in each lab is shown 
in Figure 1. P values were calculated by Student’s 
t-test in order to evaluate a statistical significance 
between the “ATCC” lot and the each new lot. 
There were no significant differences in cell num-
ber after 72h culture in both laboratories (Table 1).  
   
Cell viability of THP-1 cells treated for 
24h with culture media 
The cell viability of each THP-1 cell lot treated for 
24h with culture media is shown in Table 2. The 

 Table 1 
Statistical analysis of cell number of each THP-1 cell
lot after 72h culture 

P values were calculated by Student’s t-test in
order to evaluate a statistical significance be-
tween the “ATCC” lot, served as the reference
lot in this study, and the each new lot. 
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data represent the average ± standard deviation 
(SD) of seven independent experiments for each 
laboratory. The two laboratories had almost similar 
results. Compared to the older “ATCC” lot, which 
we used in the previous ring study, the new lots, 
“X” and “Y”, showed similar cell viability (ap-
proximately 96%) and a low SD value. In contrast, 
lot “Z” had significantly lower cell viability, which 
was approximately 85% in both laboratories. 
  
CD86 and CD54 expression induced by chemi-
cal treatment 
The CV75 (estimated concentration giving 75% 
cell viability) of each chemical calculated in week 
3 for each laboratory is shown in Table 3. Using 
the THP-1 cells at 3rd week, we examined CD86 
and CD54 expression induced by chemical treat-

ment. The calculated RFI values for CD86 and 
CD54 expression following DNCB, Ni, and SLS 
exposure for 24h are shown in Figure 2. The two 
laboratories had almost similar results in 
CD86/CD54 expression.   

For lot “ATCC”, DNCB at 5.0 μg/mL and Ni 
at CV75 enhanced both CD86 and CD54 expres-
sion over the positive criterion (RFI value of 150 
and 200, respectively). SLS did not induce the 
augmentation of either CD86 or CD54 expression. 
As previously observed in the inter-laboratory 
study, lot “ATCC” could correctly evaluate the 
skin sensitization potential of DNCB, Ni, and SLS. 
For DNCB at CV75, the cell viability was 4% for 
laboratory A and 56% for laboratory B (below 60% 
in both laboratories), so the data could not be cal-
culated. The cell viability was re-evaluated using 

  
Table 2 
Cell viability of each THP-1 cell lot treated for 24h
with culture media 

Data are expressed as mean ± SD (n=7). 
Statistical significance compared to the reference
lot “ATCC” was calculated by Student’s t-test
(*p<0.01). 

 Figure 2  
CD86/CD54 expression induced by DNCB, Ni, and SLS 
After 3 weeks culture, each THP-1 cell lot was treated with DNCB 5.0 μg/mL, DNCB at CV75, Ni at CV75 and SLS at
CV75.  The CV75 values of each test chemical in each laboratory are shown in Table 3.  The augmentation of surface
marker expression for CD86 (a) and CD54 (b) are shown.  For DNCB at CV75, cell viability was below 60% for lot
“ATCC” and “Y”, which resulted in not being able to calculate the augmentation for CD86/CD54 expression.  
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4-week-cultures. Results of the re-evaluation can 
be found below. 

For lot “X” and “Y”, the RFI values were al-
most similar to lot “ATCC” values. Both lot “X” 
and “Y” could correctly evaluate the skin sensiti-
zation potential of all three chemicals. In contrast, 
for lot “Z”, Ni did not induce either CD86 or CD54 
augmentation over the positive criterion in both 
laboratories. Even though cell viability was similar 
between the other lots and the Ni-treated lot “Z”, 
Ni gave a negative finding in this test. Particulary 
for CD54 expression, the RFI values were very 
high (over 1000) in the other three lots whereas the 
RFI values were 194 (laboratory A) and 149 
(laboratory B) for lot “Z”. 

Re-evaluation of CD86 and CD54 expression 
induced by DNCB at CV75 
As mentioned earlier, the cell viability for lot “Y” 
as well as lot “ATCC” with DNCB at CV75 was 
below 60% in both laboratories. Seeing this dis-
crepancy, we conducted the cytotoxicity test again 
using THP-1 cells at 4th week. For these two lots, 
the re-evaluated CV75 of DNCB is shown in Table 
4. For lot “Y” in laboratory A, the re-evaluated 

CV75 was higher than that calculated in week 
3 cells. A value of 6.90 μg/mL was calculated as 
the CV75 in week 3 cells and this concentration 
had a cell viability less than 60%. So the higher 
concentration (7.83μg/mL) obtained in the 
re-evaluation was estimated to be more cytotoxic. 

 
 
 

 

Table 3 
CV75 values (μg/mL) for DNCB, Ni, and SLS 
CV75 values (μg/mL) for each THP-1 cell lot after 3 weeks culture was determined for each chemical using the
propidium iodine (PI) cytotoxicity test. CV75 values are presented for each chemical and cell lot for both laboratories. 
In addition, the common CV75 value used in previous h-CLAT studies is shown for comparison. 

 
Table 4 
Re-evaluation of CV75 values (μg/mL) for DNCB 
Using the THP-1 cell lot “ATCC” and “Y” after 4 weeks culture, we re-examined
CV75 values for both laboratories.  The calculated CV75 values in both week 3 and
week 4 are shown for each laboratory. 

 
Table 5 
Re-evaluation of CD86/CD54 expression induced by DNCB at CV75 
The THP-1 cell lot “ATCC” and lot “Y” after 4 weeks culture were treated with CV75 value for
DNCB determined in week 4, except for the lot “Y” in laboratory A.  For laboratory A, lot “Y” was
treated with DNCB at CV75 determined in week 3. The RFI values indicative of CD86 and CD54
expression and the cell viability obtained by each lab are shown. 
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Therefore, for lot “Y”, the previous CV75 
(6.90μg/mL) determined in week 3 in laboratory A 
was used for re-testing while the CV75 calculated 
in week 4 was used for lot “Y” by laboratory B. 
Except for lot “Y” in laboratory A, the CV75 cal-
culated in week 4 cells was used for re-evaluation. 
The re-evaluated RFI values for CD86 and CD54 
expression following DNCB at CV75 exposure are 
shown in Table 5. DNCB at CV75 augmented both 
CD86 and CD54 expression over the positive cri-
terion except for lot “Y” in laboratory A. For lot 
“Y”, DNCB at CV75 enhances only CD54 expres-
sion over the positive criterion. 

Discussion 
THP-1 cells were established by Tsuchiya et al 
(1980) in Japan. After establishment as a cell line, 
many researchers used THP-1 cells for several 
purposes in the world. Currently we can obtain 
THP-1 cells from several cell banks not only in 
Japan but also America (including ATCC) and 
Europe. We already reported a useful in vitro skin 
sensitization test using THP-1 cells named the 
h-CLAT (Ashikaga et al., 2006 and Sakaguchi et 
al., 2006). Up to this point, we have used THP-1 
cells obtained only from ATCC and we have gotten 
good results. If the h-CLAT using THP-1 cells was 
to be adopted across the world, researchers may 
obtain these cells not only from ATCC but also 
other cell banks. Therefore, in order to develop a 
robust in vitro skin sensitization test using THP-1 
cells, we need to clarify the criteria for selection of 
THP-1 cells. To clarify this purpose, we evaluated 
three new obtained THP-1 cell lots from American, 
European, and Japanese cell banks, against our 
reference THP-1 cells from ATCC (lot #: 
33664116). 

In this study, we evaluated the CD86/CD54 
expression following exposure to typical sensitiz-
ers (DNCB and Ni) and a non-sensitizer (SLS) by 
using new THP-1 cell lots obtained from three dif-
ferent cell banks. Two of the three THP-1 cell lots 
(lot “X” and “Z”) showed similar results compared 
with the previous ATCC lot. Meanwhile, the one 
THP-1 cell lot (lot “Y”) showed distinctly different 
results in the cell viability and CD86/CD54 aug-
mentation induced by Ni.   

The previously used THP-1 cell lot (ATCC) 
and two lots (X and Y) of THP-1 cells from two 
cell banks showed more than 95% cell viability 
when cells were treated for 24h with culture media. 
On the other hand, the cell viability was lower 
(below 86%) for the remaining one lot (Z). The 

cell viability value for lot “Z” is close to the range 
(85% - 90%) reported by Python et al (2007) for 
their negative control in their test using U937 cells.  
As cells to be used in a cell based in vitro skin sen-
sitization test, the cell viability of lot “Z” was not 
too low.  However, Miyazawa et al (2008a) 
showed that the cell viability of non-treated THP-1 
cells (media only) was over 95%. We have even 
evaluated more than 10 lots of THP-1 cells from 
ATCC and all lots showed more than 95% cell vi-
ability (data not shown). Based on these data, cell 
viability of lot “Z” was evidently low. If 
non-treated cells showed a low cell viability, we 
considered the possibility of getting unexpected 
skin sensitization results if used in the h-CLAT. 

In fact, lot “Z” with a low cell viability had a 
different response in the h-CLAT following treat-
ment with Ni. Lot “Z” was the only lot that did not 
augment CD86/CD54 expression over the set cri-
teria for the h-CLAT compared to the other lots 
tested. When we compared the four THP-1 cell lots 
including the reference lot (ATCC) following 
treatment with Ni at each CV75 dose, cell viability 
was similar among all four lots with a viability 
range of 65% to 85%. The result is in line with 
Sakaguchi et al (2006). Sakaguchi et al (2006) 
showed that THP-1 cells treated with Ni in the 
h-CLAT augmented CD86 and CD54 expression in 
the cell viability range of 53% to 97% for CD86 
expression and 53% to 90% for CD54.   

Judging from the cell viability caused by Ni 
treatment in this study, the exposure procedure for 
all lots, including lot “Z”, was considered to be 
properly conducted for CD86/CD54 augmentation.  
Therefore, the unresponsiveness to Ni of 
CD86/CD54 on THP-1 cells from lot “Z” might be 
due to differences specific to lot “Z”. Even though 
cells can be established as a cell line, some unex-
pected circumstances (e.g., contamination of other 
cells, mix-up of cells) have occurred (Reid et al., 
1995 and Lacroix et al., 2008) that have caused 
problems for the investigators. From the unex-
pected troubles, one possibility is that the cell line 
has undergone a mutation. In fact, the cell bank 
disclosed to us that the newly obtained THP-1 cell 
lot “Z”, which had distinctly different results in the 
h-CLAT, is different from the ATCC lot in terms of 
DNA pattern sequence (personal communication). 
Although the THP-1 cell lot “Z” did not induce 
CD86/CD54 augmentation following Ni treatment, 
DNCB at 5 μg/mL induced both CD86 and CD54 
augmentation. Aiba et al (2003) showed that 
DNCB and NiCl2 stimulate different signal trans-
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duction pathways in monocyte-derived dendritic 
cells. Miyazawa et al (2008b) also showed that 
different signaling pathways regulated the THP-1 
cell activation induced by DNCB and NiSO4. 
Therefore, both DNCB and Ni can be used to es-
tablish whether THP-1 cells are functional: both 
DNCB and Ni result in stimulation of at least two 
signal transduction pathways and lead to the 
CD86/CD54 augmentation. 

From these results, the variability in cellular 
responses appeared to be dependent on the cell 
source (i.e., the cell banks). Such variability could 
have grievous consequences if the unresponsive 
cells were to be used in the h-CLAT. Therefore, 
guidance on selecting appropriate THP-1 cells is 
needed.  We propose the following criteria for 
selecting an appropriate THP-1 cell lot: 1) the cell 
viability of THP-1 cells for 24h with culture media 
needs to be above 90%, 2) the THP-1 cells can 
correctly evaluate the skin sensitization potential 
of DNCB, Ni and SLS. This means DNCB and Ni 
are positive with both CD86 and CD54 expression 
over the positive criterion. In contrast, SLS is 
negative. 

In order to select appropriate THP-1 cells ac-
cording the above criteria, appropriate test doses of 
DNCB, Ni, and SLS are needed. Sakaguchi et al 
(in press) reported that most allergens, including 
DNCB and Ni, had a positive result at CV75. Con-
sidering these data, the CV75 doses for each 
chemical were used in our study. But for DNCB, 
the calculated CV75 had a strong cytotoxicity (cell 
viability below 60%). Thus, the RFI values could 
not be calculated in two of the four THP-1 cell lots 
(reference “ATCC” and new ATCC lot “Y”). For 
these two THP-1 cell lots, except for the lot “Y” in 
laboratory A, a new CV75 calculated in week 4 
was lower than the one calculated in week 3.  
When the new CV75 was re-tested, DNCB had a 
positive response. The changes in CV75 at two 
different weeks may be due to the cell variability. 

Though THP-1 cells are a cell line, cell condi-
tions seemed to differ day by day. In fact, the cell 
number after 72h culture in each week was a little 
bit different. Therefore, the CV75 of DNCB at 
week 3 and 4 were different. On the other hand, 
DNCB 5.0 μg/mL enhanced both CD86 and CD54 
expression over the criterion in all of THP-1 cell 
lots. Sakaguchi et al (in press) showed the positive 
range for DNCB was not wide at the doses from 
1.9 to 5.6 μg/mL. These results with observer with 
DNCB suggest that perhaps two or more concen-
trations (CV75 plus one other) need to be used in 

order to better select appropriate THP-1 cells. 
Therefore, further investigations will be necessary 
in order to define the more detailed criteria, which 
including the reference doses for DNCB, Ni, and 
SLS, for selecting an appropriate THP-1 cells. 
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