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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 of CD86 and/or CD54 expression on THP-1 cells. The aim of this study was to examine the effect of 
differences of serum source on the results of h-CLAT. Three different lots of serum, obtained from three 
sources, were compared with the serum used in the previous Japanese ring study. With each serum, cellu-
lar proliferation in subculture, cytotoxicity, and CD86/CD54 expression on THP-1 cells were measured 
following exposure to two known allergens (dinitrochlorobenzene (DNCB) and nickel sulfate (Ni)) and 
one non-allergen (sodium lauryl sulfate (SLS)).  

There was no clear difference of cellular proliferation in subculture, cytotoxicity, or CD86/54 expres-
sion among cultures in the four sera. Although the source of serum does not appear to influence the result
of h-CLAT, the validity of the test should nevertheless be confirmed when serum from a new source is in-
troduced. 
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Introduction  
Because of increasing social concern about animal 
welfare and the use of animals in testing, many 
non-animal tests have been proposed as alterna-
tives. There is particular interest in developing al-
ternative methods for skin sensitization testing  
(De Silva et al., 1996). Measuring phenotypic 
changes, such as changes of CD86 or CD54 ex-
pression on dendritic cells, induced by sensitizers 
was an important approach for developing alterna-
tive methods of evaluating skin sensitization po-
tential (Aiba et al., 1997; Hopper et al., 1995). We 

have reported that THP-1 cells, which show en-
hanced CD86 and/or CD54 expression when 
treated with sensitizers, can be used in an in vitro 
skin sensitization test (Ashikaga et al., 2002;  
Yoshida et al., 2003), and we named this test the 
human cell line activation test (h-CLAT)    
(Ashikaga, 2006). In our previous study, we indi-
cated that h-CLAT could be a useful in vitro test 
system for predicting sensitizing properties of 
chemicals. Before submission of h-CLAT to a pub-
lic center for validation of alternative methods, we 
need to confirm the general versatility and robust-
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ness of h-CLAT. In this study, we focused on the 
influence of the source of fetal bovine serum 
(FBS) in the culture medium, because inter-lot dif-
ferences of biological materials, such as serum, are 
to be expected (Cartwight et al., 1994, Technical 
report No.4 1990) and it is unknown how serum 
difference affects the result of h-CLAT. Therefore, 
we have examined the effect of serum source on 
cell growth, cytotoxicity, and expression of CD86 
or CD54 of h-CLAT, with the aim of collecting 
background data to support the robustness of 
h-CLAT as an alternative, non-animal test method 
in two of seven Japanese laboratories participating 
in the h-CLAT program.  
 
Materials and Methods 
Collaborating laboratories 
Laboratory C: Shiseido In Vitro Toxicology Re-
search Laboratory, Laboratory D: Research Labo-
ratories, Nippon Menard Cosmetic Co., Ltd. 
 
Cells and culture 
THP-1 cells were purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA), 
and cultured in RPMI 1640 medium (Invitrogen 
Corp., Carlsbad, CA, USA) with 10% FBS (v/v), 
0.05 mM 2-mercaptoethanol and 1% antibi-
otic-antimycotic mixture (Invitrogen Corp.). 

Four kinds of FBS were used: one was that 
used in the previous ring study (MP Biomedical, 
Irvine, CA, USA, lot#. 2688H). This lot was used 
as a reference lot in this study. The others were 
purchased from different manufacturers or sourced 
from different lots (X: Hyclone Laboratories, Lo-
gan, Utah, lot#. AQA22909, Y: Invitrogen 
Corp., Carlsbad, CA, USA, lot#. 560557, Z: MP 
Biomedical, Irvine, CA, USA, lot#. 8076H). 

To confirm the inter-laboratory reproducibil-
ity of h-CLAT, the tests were conducted at two 
laboratories with the same THP-1 cell lot and the 
same lots of fetal bovine serum.  

The same subculture method was used in both 
laboratories. The cell culture concentration was 
kept below 1×107 cells/mL 
 
Test chemicals and application doses 
All chemicals have been evaluated and classified 
with the LLNA (Gerberick et al., 2005). Two 
well-known allergens (dinitrochlorobenzene 
(DNCB) and nickel sulfate (Ni)) and one 
non-allergen (sodium lauryl sulfate (SLS)) were 
evaluated. The vehicle was saline (for Ni and SLS) 

or DMSO (for DNCB).  
All chemicals were examined at the CV75, which 
was determined by PI assay. All CV75 doses of 
test chemicals used in this study are shown in Ta-
ble 2. Each laboratory conducted PI assay and de-
termined the application dose separately. 
 
Cytotoxicity assay  
Cell viability was measured by propidium iodide 
(PI) assay as described previously (Kosaka et al., 
2008). The CV75 (μg/mL) (CV75: estimated con-
centration affording 75% cell viability) value for 
each test chemical was calculated.  
 
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 expressions of CD86 and 
CD54 on the cells were analyzed as described pre-
viously (Kosaka et al., 2008).  
 
Data analysis  
Both laboratories independently evaluated the test 
chemicals once a week for 3 weeks (3, 4 and 5 
weeks after the start of cell culture). 

The relative fluorescence intensity (RFI) was 
used as an indicator of CD86/ CD54 expression 
and was calculated as described previously   
(Kosaka et al., 2008).  

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 
Cellular proliferation in subculture 
THP-1 cells were cultured with four different FBS 
during two months by both labs. Each lab evalu-
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ated the proliferation of cells cultured with each 
FBS once a week during the two months (at week 
3 through week 9 cultures). After culturing for 72h, 
the cell number cultured with each FBS 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 Reference FBS and the 
each new lot. There were no significant differences 
in cell number after 72h culture in both laborato-
ries (Table 1).  
 
Comparison of cytotoxicity with each FBS 
The values of CV75 for three chemicals were cal-
culated at the 3rd week after the start of cell culture 
in each laboratory (Table 2). The value of CV75 
was essentially independent of the source of FBS. 
These results suggested that the use of FBS from 
different sources had little influence on viability. 

There were relatively large differences be-
tween laboratories in the case of Ni, but not the 
other chemicals.  
 

Expression of CD86 or CD54 in response to the 
three chemicals 
Two well-known sensitizers (DNCB and Ni) and 
one non-sensitizer (SLS) were tested every week 
during 3 to 5 weeks after the start of cell culture 
with the serum samples in both laboratories. Table 
3 shows the mean RFI values. DNCB 5.0 μg/mL 
did not induce CD54 augmentation with lot. ‘‘X’’ 
and lot. ‘‘Z’’ in Lab. D. However, the values ob-
tained fell only slightly below the criterion for 
positivity. The RFI values of CD86 and CD54 for 
DNCB and Ni were above the positive criterion, 
and that for SLS were negative irrespective of se-
rum lots in both laboratories, except for 2 values of 
CD54 RFI in Lab. D. Therefore, the test chemicals 
were generally evaluated correctly in both labora-
tories. 
  
RFI values in all tests at 3-5 weeks  
Fig. 2-a and 2-b show all the RFI values for each 
chemical in three tests during weeks 3 to 5 using 
FBS from different sources in both laboratories. 

 

Figure 1
Cell number of each THP-1 cell cultured 
with each FBS after 72h culture 

 

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

 

Table 2 
CV75 values (mg/mL) of DNCB, Ni, and SLS

  
P values were calculated by
Student’s t-test in order to
evaluate a statistical signifi-
cance between the reference
lot in this study, and the each
new lot. 

 
The CV75 (estimated concentration affording 75% cell viability) values
of the three chemicals were calculated from the results of cytotoxicity
tests at the 3rd week after the start of cell culture in each laboratory. 
Upper= Lab. C, Lower=Lab. D 
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The RFI values for Ni were below the criterion 
(150%) for CD86 in 4 out of 24 tests (Fig. 2-a). 
The RFI value for DNCB was below the criterion 
(200%) for CD54 in one out of 24 tests (Fig. 2-b). 
The RFI values for SLS were below the criteria for 
CD86 and CD54 in all tests. All lots of FBS al-
lowed stable and correct identification of sensitiv-
ity to chemicals as positive (test agents) or nega-
tive (SLS control). These results indicate that the 
use of FBS from different sources had little effect 
on evaluation of the sensitizing potential of these 
chemicals. 
 
Discussion 
Several in vitro skin sensitization methods using 
cell lines have been reported (Casati et al., 2005), 
but final validation and regulatory acceptance have 
not yet been achieved. We have reported that 
h-CLAT using THP-1 cells was useful for predict-
ing skin sensitization in vitro (Ashikaga et al., 
2007; Sakaguchi et al., 2006). However, more data 
was needed, especially about the effects of possible 

variables, before the tests could be considered 

suitable for practical purposes. In this study, we 
focused on the effect of the source of FBS in the 
culture medium on h-CLAT results. 

FBS is essential for in vitro cell culture. The 
role of serum in cell culture work is largely unde-
fined (Barnes, et al., 1980, Jayme, et al., 1988). It 
has been proposed that the main role of serum in 
cell proliferation is as a provider of complex hor-
mones (Bottenstein et al., 1979; Phillips et al., 
1981) and other growth factors influencing at-
tachment (e.g., fibronectin), propagational factors 
(e.g., insulin), transport factors (e.g., transferrin), 
and trace metals (Jayme et al., 1985). Therefore, an 
appropriate serum for cell culture must be selected 
for use in vitro tests, because biological materials 
such as serum typically display lot-to lot variation 
(Cartwight et al., 1994; Technical report No.4 
1990). 

Many factors, such as the quality, type, and 
concentration of the components in different FBS 
lots, may affect the cellular growth rate (Boone et 
al., 1971). It was reported that three lots of FBS 

from different manufacturers showed different 

 
Table 3 
Average RFI values (%) in each laboratory  
 
Two well-known sensitizers (DNCB and Ni) and one non-sensitizer (SLS) were tested every week during 3 to 5
weeks after the start of cell culture with FBS from different sources in both laboratories. The results are the
mean of the three tests during 3~5 weeks in each case. 
(a): RFI values for CD86, (b): RFI values for CD54. 
Results; *: negative, **: LLAN and h-CLAT predictions differ. 
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Figure 2 
RFI values (%) in all tests at 3-5 weeks  
 
RFI values of the three test chemicals during 3~5 weeks with FBS from different sources in both laboratories.
Fig. 2-a = RFI values for CD86, Fig. 2-b = RFI values for CD54. ●＝DNCB; ■＝Ni; ▲＝SLS.  
Small dotted line: positive criterion for CD86; dashed line: positive criterion for CD54. 

abilities to support cell growth (Xiaoyang et al. 
2006). However, in this study, the source of FBS 
had little effect on cellular proliferation in subcul-
ture in either of the laboratories, except for a slight 
decrease after week 8 in Lab. D (Data not shown). 
These results indicate that the source of FBS had 
little effect on cellular proliferation in subculture in 
either of the laboratories. 

Since cell viability may be influenced by the 
source of FBS (Howard et al. 1980), we examined 
the cytotoxicity of the three chemicals at the 3rd 
week of cell culture using FBS from various 
sources. However, the value of CV75 was essen-

tially independent of the source of FBS in each 
laboratory. There were relatively large differences 
between laboratories in the case of Ni, but not the 
other chemicals. The reason for this may be the 
steepness of the dose-response relationship for Ni. 

Cell lines, which are cultured once in the 
presence of an endotoxin, show changes in bio-
logical characteristics or phenotypes. FBS may 
contain significant levels of lipopolysaccharide 
(LPS), and it is particularly important to avoid en-
dotoxin contamination of cell culture (Kirikae et 
al., 1997). Moreover, LPS stimulates the produc-
tion of cytokines and the expression of 
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co-stimulatory molecules by dendritic cells 
through a soluble CD14-dependent pathway (Ver-
hasselt et al., 1997), and monocyte-derived den-
dritic cells exposed to 1 ng/mL LPS showed strong 
up-regulation of the surface expression of 
HLA-DR, the co-stimulatory molecule CD86, and 
the adhesion molecule CD54 (Karine et al., 1999). 
However, in the present study, the use of FBS from 
different sources had little effect on changes of 
expression of CD86 or CD54. 

In conclusion, the current findings suggest 
that the source of FBS is not critical for the 
h-CLAT. Nevertheless, it is prudent to confirm the 
suitability of FBS from a new source before con-
ducting the test. We propose the following criteria 
for the selection of appropriate FBS, DNCB and Ni 
are positive with both CD86 and CD54 expression 
over the positive criterion. In contrast, SLS is 
negative. 
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