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1. Pre-culture THP-1 or U-937 cells for 48 h or 72 h (Do not over-culture)
2. Sced and culture at final 1x10¢ celis/mL/Awell with chemicals at
four doses (0.1x, 0.5x, 1x and 2x1C50) for 24 h or 48 h in 24-well plate
3. Wash these cells twice with PBS containing 0.1% BSA
4. Divide 1x10° cellsflest sample into three groups (0.3x10¢ cells/group)
5. Treat cells with 0.01% globulins for 15 min on ice (FeR blocking)
and then wash
6. Stain cach group with anti-CD86 antibody (BD-Pbarmingen, 6 mL{micro)/3x]10%
cells/SO mL(micro)), anti-CD54 (DAKO, 3 mL (micro)/3x10° cells/S0 mL (micro)) and
FITC- labeled IgG (DAKO, 3 mL(micro)/3x10% cells/50 mL(micro)) for 30 min on ice
7. Wash these cells twice and re-suspend in PBS containing 0.1% BSA and
0.625 rog/mL (micro) of P1
8. Flow-cylometric analysis

Fig. 7. Summary of the h-CLAT protocol.

3.8. Standard protocol

Based on the above findings, the standard protocol for
human Cell Line Activation Test (h-CLAT) was set as
shown in Fig. 7.

4. Discussion

To optimize the protocol for the in vitro sensitization
test using human cell lines, the conditions for each experi-
mental step were examined. We first established that a pre-
culture time of 48 1 or 72 h was suitable for THP-1 cells,
because the level of CD86 induction by DNCB was depen-
dent on the pre-culture time. In our previous study (unpub-
lished), we seeded THP-1 cells at 0.4 x 10° cells/mL and
counted the cells after culture for 24 h, 48 h, 72h and
96 h. Almost no proliferation was observed for the first
24 h, then rapid proliferation was seen between 48 h and
72 k. Growth was slightly reduced at cell concentrations
above 1 x 10° cells/mL. The expression of CD86 on DNCB
(3 pg/mL)-treated THP-1 cells tended to be highest when
cells were pre-cultured for 48 h or 72 h. These results sug-
gest that the induction level of CD86 may be related to cell
growth. We concluded that cells should be treated with a
test sample shortly after achieving maximum growth.

Next, we examined the appropriate sample treatment
time. After treatment with DNCB (3 pug/mL), the expres-
sion of CD86 increased continuously between 8h and
24 h, then remained almost at a plateau until 72 h. This
data suggested that an exposure time of at least 24 h would
be suitable for evaluation of induction of CD86 expression.
At the low concentration of DNCB (Ipg/mL), CD86 was
not induced even at a treatment time of 72 h.

In the development of an assay system, it is critical to
select an appropriate dose of test chemicals. Earlier exper-
iments revealed that allergens are eflective for activation of
dendritic cells at subtoxic concentrations. Augmented
expression of co-stimulatory molecules, including CD86,
by allergens was observed in dendritic cells when these
allergens were used at a threefold dilution from their
respective lethal doses (Aiba et al.,, 1997). Treatment with
subtoxic concentrations of allergens also induced enhanced
internalization of cell membrane molecules, such as MHC
class II, by epidermal Langerhans cells (Becker et al.,
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1994). Our previous study revealed that most sensitizers
showed a positive response at concentrations that were
subtoxic to THP-1 cells (Ashikaga et al., 2002 and Yoshida
et al,, 2003). Aiba et al. described activation and apoptosis
of dendritic cells treated with various allergens at sublethal
concentrations, and they speculated that allergens induce a
stress response that activates dendritic cells (Aiba and
Tagami, 1999). Therefore, it would be important to mea-
sure phenotypic changes of cells at subtoxic concentrations
of allergen. In this study, we determined IC50, and used
concentrations of- 0.1x, 0.5, I1x and 2xIC50 to cover
the range from toxic to non-toxic. The relationship
between cell viability and induction of CD86 or CD354
expression will be discussed in the following paper. Inter-
estingly, an in vivo ‘danger’ model for allergic contact der-
matitis has been proposed {(McFadden and Basketter,
2000). According to this model, the immune system
becomes activated if the skin is injured by contact aller-
gens. That is, to elicit contact dermatitis, an irritant signal
may be required. Immune responses, such as activation of
antigen-presenting cclls, may be triggered by cell damage.

In the case of THP-1 cells, 1 x 10° cells/mL was better as
an initial cell concentration than 0.5 x 10° cells/mL. In our
experiments, slight inhibition of cell growth was observed
at concentrations above 1x 10°cells/mL. According to
the product information sheet for the THP-1 cell line by
ATCC, THP-1 cells in culture should be maintained at
between 5x 10%cells/mL and 8x 10°cells/mL. Thus,
1 x 108 cells/mL is thought to be an “over-growth” situa-
tion for THP-1 cells. These results, as well as the data on
pre-culture, suggest a relationship between cell prolifera-
tion and CD86 expression. Terminal differentiation of
acute myeloid leukemia cells, including THP-1, is related
to the inhibition of proliferation (Charrad et al., 2002).
Induction of CD86 or CD54 expression by allergens might
occur easily when cell growth is partially inhibited. For
both CD86 and CD54 antibodies, the results were depen-
dent on the kind of antibody. Not only differences in the
characteristics of antibodies, such. as antigen specificity,
but also differences in the amount of fluorescent chemical
binding to antibody may be relevant factors. Actually, anti-
bodies A and E, which strongly bound to the cell surface
not via CD86 or CD54, but via FcR, were unsuitable for
distinguishing allergens and non-allergens. Antibodies D
and G clearly distinguished allergen from non-allergen,
and were considered suitable for our method. Interestingly,
antibodies F and H, although derived from the same clone,
gave different RFI values in the case of Ni. Thus, it is
important to select a suitable antibody for the assay of sur-
face antigens such as CD86 or CD54.

It has been reported that both THP-1 and U-937 express
FcR on their surface cell membrane (Tsuchiya et al., 1980;
Guyre et al., 1983). Therefore, it is important to consider
non-specific staining. In general, FcR block and isotype
controls are effective to prevent non-specific staining. In
our study, the MFI of isotype control cells, which means
cells stained with FITC-labeled IgG, was higher than that
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of non-stained cells (data not shown). Therefore, we think
that it is necessary to use FcR block and isotype controls in
the protocol.

Based on our findings here, the protocol for this assay
has been optimized, and the new experimental conditions
will be used in a future collaborative study. We propose
to call this kind of in vitro skin sensitization test h-CLAT,
which is short for human Cell Line Activation Test.
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Abstract

Recent regulatory changes have placed a major emphasis on in vitro safety testing and alternative models. In regard to skin sensiti-
zation tests, dendritic cells (DCs) derived from human peripheral blood have been considered in the development of new in vitro alter-
natives. Human cell lines have been also reported recently. In our previous study, we suggested that measuring CD86 and/or CD54
expression on THP-1 cells (human monocytic leukemia cell line) could be used as an in vitro skin sensitization method. An inter-labo-
ratory study among two laboratories was undertaken in Japan in order to further develop an in vitro skin sensitization model. In the
present study, we used two human cell lines: THP-1 and U-937 (human histiocytic lymphoma cell line). First we optimized our test pro-
tocol (refer to the related paper entitled “optimization of the h-CLAT protocol” within this journal) and then we did an inter-laboratory
validation with nine chemicals using the optimized protocol. We measured the expression of CD86 and CD54 on the above cells using
flow cytometry after a 24 h and 48 h exposure to six known allergens (e.g., DNCB, pPD, NiSO4) and three non-allergens (e.g., SLS,
tween 80). For the sample test concentration, four doses (0.1x, 0.5%, 1x, and 2x of the 50% inhibitory concentration (ICsq)) were eval-
uated. 1Cso was calculated using MTT assay. We found that allergens/non-allergens were better predicted using THP-1 cells compared to
U-937 cells following a 24 h and a 48 h exposure. We also found that the 24 h treatment time tended to have a better accuracy than the
48 I treatment time for THP-1 cells. Expression of CD86 and CD54 were good predictive markers for THP-1 cells, but for U-937 cells,
expression of CD86 was a better predictor than CD54, at the 24 h and the 48 h treatment time. The accuracy also improved when both
markers (CD86 and CD54) were used as compared with a single marker for THP-1 cells. Both laboratories gave a good prediction of
allergen/non-allergen, especially using THP-1 cells. These results suggest that our method, human Cell Line Activation Test (h-CLAT),
using human cell lines THP-1 and U-937, but especially THP-1 cells at 24 h treatment, may be a useful in vitro skin sensitization model to
predict various contact allergens.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A great emphasis is being placed more and more on
non-animal skin sensitization tests due to animal welfare
issues, cost, and technological limitations of in vivo assays.
More recently, the 7th amendment of the EU requires non-
animal testing to be developed for skin sensitization. Many
researchers have tried several approaches in developing an
in vitro skin sensitization test. One approach is to develop
cellular-based methods (Ryan et al., 2001). Dendritic cells
(DCs) including Langerhans cells (LC) play a key role in
the initial process of skin sensitization. Therefore, DCs,
including LCs, have been used for the development of
In vitro skin sensitization tests. In vitro methods using
human epidermal LCs based on the alteration of pheno-
type (HLA-DR and E-cadeherin) and function of LCs
have been developed by Moulon et al. (1993), Krasteva
et al. (1996), Verrier et al. (1999), and Rizova et al.
(1999). But it is difficult to obtain a sufficient number of
LCs from the epidermis, so this approach was limited.
To solve this limitation, some researchers used human
peripheral blood mononuclear cells (PBMC) or CD34+
hematopoietic progenitor cells (HPC) cultured in the pres-
ence of the specific cytokines as antigen-presenting cells
instead of LCs. Some allergens such as DNCB, but not irri-
tants such as SDS, caused an alteration of CD54, CD86
and HLA-DR surface expression (Aiba et al., 1997; Cou-
tant et al., 1999). Other researchers also illustrated similar
results that showed an increased expression of HLA-DR
and CD86, and a decreased level of E-cadherin with the
strong allergen Bandrowski’s base but not with the irritant
SDS (Rougier et al,, 2000). De Smedt et al. (2002) illus-
trated that CD86 expression was the most reliable pheno-
typic marker for identification of allergens, but IL-18
production was not concluded as an activation endpoint
due to substantial individual variations. Changes in gene
expression have also been evaluated as another approach
for developing a sensitization alternative (Ryan et al.,
2004). Although the use of DCs for predicting allergens
has a potential, there are still some technical problems with
the routine use of these cells in skin sensitization tests.
These problems include availability of human blood and
donor to donor variability (Aiba et al., 1997; Rougier
et al., 2000). However, the use of human cell lines instead
of DCs provided a technical solution to these latter prob-
lems. Iwamoto et al. (1999) established the human LC type
DC cell line, ELD-1, and reported that this cell line has
expression of CDla, E-cadherin and MHC class II like
LCs. The other cell line, KG-1 (human myeloid leukemia
cell line), cultured in the presence of the specific cytokines
was able to induce a potent allogenic T-cell response and
upregulate CD86 expression following treatment with
methylchloroisothiazolinone/methylisothiazolinone (MCI/
MI), but not with SDS (Hulette et al., 2001, 2002). A
method using U-937 cells found that CD86 is good marker
for distinguishing between allergens and irritants (Rousset

et al., 2002; Ashikaga et al., 2003). Recently, we have
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reported an upregulation of CD86 and MHC class 11 inter-
nalization following exposure to some allergens such as
DNCB and pPD when THP-1 cells were used (Ashikaga
et al, 2002). Also augmentation of CD54 and CD86
expression on THP-1 cells treated allergens have been
reported (Yoshida et al., 2003). In an ecarlier collabora-
tion between our two laboratories (Kao and Shiseido),
we optimized the protocol for an in vitro skin sensitiza-
tion test using THP-1 and U-937 cells (refer to the related
paper entitled “optimization of the h-CLAT protocol”
within this journal). Once optimized, an inter-laboratory
validation study using nine chemicals (six allergens and

three non-allergens) was conducted between our two
laboratories.

2. Materials and methods
2.1. Collaborating laboratories

Laboratory A, Kao Safety and Microbial Control
Research Center; Laboratory B, Shiseido Safety and Ana-
Iytical Research Center.

2.2. Cells and medium

THP-1 cells and U-937 cells from American Type Cul-
ture Collection (ATCC, Manassas, VA, USA) were cul-
tured in RPMI-1640 (Invitrogen Corp., Carlsbad, CA
USA) supplemented with 10% fetal bovine serum (FBS;
JRH Biosciences, Lenexa, KS, USA), 0.05 mM 2-mercap-
toethanol and 1% of antibiotic-antimycotic (Invitrogen
Corp., Carlsbad, CA, USA).

2.3. Chemicals

All tested chemicals were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Allergens employed in the experi-
ment were: dinitrochlorobenzene (DNCB), p-phenylenedi-
amine (pPD), 2-mercaptobenzothiazole (2-MBT), nickel
sulfate hexahydrate (Ni), cobalt sulfate heptahydrate ( Co)
and ammonium tetrachloroplatinate (Pt). The non-aller-
gens were sodium lauryl sulfate (SLS), polyoxyethylene
sorbitan monooleate (Tween 80) and dimethyl sulfoxide
(DMSO). pPD, Ni, Co, Pt, SLS and Tween 80 were first
solubilized in saline, while DNCB and 2-MBT were solubi-
lized in DMSO. The final concentration of DMSO in cul-
ture media was always less than 0.2%. Globlins Cohn

fraction II, III was obtained from SIGMA-Aldrich as an
FcR blocking agent.

2.4. Chemical treatment of THP-1 and U-937

First, the MTT assay (Mossmanm, 1983) was used
to establish ICsy (pug/mL) values for each of the nine
chemicals and each treatment period (24 h and 48 h). Cells
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were plated at 1 x 10® cells/mL and treated using four con-
centrations of each chemical at 0.1x, 0.5%, 1x, and 2x ICs
for 24 h or 48 h. Once treated, FcR blocking procedure was
conducted: 0.01% of Globlins Cohn fraction II, III were
added for 10 min on ice. Then cells were stained with anti-
bodies. At least two independent experiments were done
for each concentration and time period.

2.5. Flow cytomerric analysis and mAbs

After treatment with chemicals for 24 h or 48 h, the fluo-
rescence intensities of the THP-1 cell and U-937 cell surface
markers were analyzed by flow cytometry (Laboratory A:
FACSCalibur CellQuest, Becton Dickinson, San Jose,
CA, USA; Laboratory B: EPICS XL-MCL System II,
Beckman Coulter Co., Ltd. Fullerton, CA, USA). 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); FITC labeled-mouse IgGl (clone;
DAK-GO1) from DAKO. Using the manufacturer’s recom-
mended dilutions, cells were incubated with the above
mAbs at 6pL/3x10° cells/50 pL for the anti-human
CD86 mAb, and 3 pL/3x 10° cells/50 pL for the anti-
human CD54 mAb. Also FITC labeled-mouse I1gGl as
an isotype control was used at a dilution of 3 pL/3 x 10°
cells/50 uL.. These were treated for 30 min at 4 °C. After
washing and resuspending with PBS supplemented con-
taining 0.1% BSA, flow cytometry analysis was performed
using each flow cytometry. Propidium iodide solution was
used at a concentration of 0.625 pg/mL. After which, dead
cells were gated out. A total of 10,000 living cells were ana-
lyzed. When the cell viability was less than 50%, relative
fluorescence intensity (RFI) was not calculated because of
diffuse labeling cytoplasmic structures due to cell mem-
brane destruction (Becker et al., 1994). RFI was used as
an indicator of CD86 and CD54 expression and was calcu-
lated by the following formula:

MFI of chemical-treated cells — MFI of chemical-treated isotype control cells
RFI(%) =

Table 1
The ICsq (jg/mL) of test chemicals
Chemical THP-1 U-937

241 48 h 24 h 48 h
DNCB 5 3 4 2
pPD 90 30 150 60
2-MBT 170 100 120 50
Ni 170 70 70 30
Co 130 70 50 30
Pt 100 50 40 40
SLS 90 70 90 70
Tween 80 1800 1600 1600 1100
DMSO™ 2500 2500 2500 2500

THP-1 and U-937 were evaluated to establish 1Cso (pg/mL) values for
each chemical using MTT-assay. Two separale exposure periods were
evaluated for each cell line: 24 h and 48 h.

"1 DMSO did not cause any cytotoxicity at 5000 pg/mL, which is the
maximum concentration of this test. Therefore, the dose of 2x 1Cs, for
DMSO was set 5000 pg/mL and 1Csq of DMSO was 2500 pg/mL. Both
cell lines were treated with four doses: 0.1x, 0.5%, I1x and 2x ICsq.

3. Results

3.1. Phenotypic characterization of THP-1 cells with 24 h
treatment

Calculated RFI values for CD86 and CD54 expression
following a 24 h treatment are shown in Fig. 1. The two
laboratories had almost similar results in assessing changes
in CD86 and CD54 expression. For CD86 expression,
allergens except for 2-MBT augmented significantly RFI
values compared to vehicle control and showed an RFI
value over 150 at 0.5x or 1x ICsq (Pt tested in Laboratory
B showed over 150 only at 0.1x). An RFT value of 200 or
more was observed with DNCB, pPD, Ni and Co (only
Laboratory B). For all non-allergens, the RFIs of CD86
were under 150, but Tween 80 of Laboratory A and DMSO
of both laboratories were over 120. Three arbitrary thresh-
olds were selected: RFI values of 120, 150, and 200. The
accuracy of each threshold to correctly identify allergen

MFI of vehicle control cells — MFI of vehicle isotype control cells

MFTI = (Geometric) mean fluorescence intensity.

Two independent experiments were done for four doses
(0.1x, 0.5%, 1%, and 2x ICsy) at each test period at two lab-
oratories. Mean RFI values and cell viability (SD was not
calculated) values were calculated from these two indepen-
dent experiments. The ICsy value of each chemical is
reported in Table 1. Cell viability was determined by PI
analysis. If cell viability for one independent experiment
was less than 50%, the data set for that concentration
was not included in the evaluation.

x 100

from non-allergen was then evaluated. On the basis of these
three criterions, the accuracy of Laboratory A was 67%,
89% and 67% for the criterion of 120, 150 and 200, respec-
tively (Table 2). Laboratory B had a similar accuracy of
78%, 89% and 78%, respectively.

For CD54 expression, allergens had RFI values over 150
and 200, The exception was pPD which had an RFI value
under 150 in Laboratory A and under 200 in both labora-
tories. 2-MBT did not up-regulate the expression of CD86,
but the RFI value for CD54 expression was over 200 in
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Fig. 1. The effect of chemical allergens and non-allergens on THP-1 cell expre

ssion of CD86 (A) and CD54 (B) for both laboratories at 24 h treatment.

The cells were treated with nine chemicals at four concentrations. After the treatment, the expression of CD86 (A) and CD54 (B) was measured by flow

cytometry and RFIs were calculated. The lines across the graph indicate RFI

both laboratories. The metal allergens, Ni, Co and Pt, had
very high (over 500) RFI values. For non-allergens, the
RFI values for Tween 80 and DMSO from Laboratory A
were over 120 (Tween 80 was over 150). The other RFI val-
ues for the non-allergens were below 120. For the three cri-
teria, the accuracy of Laboratory A was 78%, 78% and
89%, respectively, for CD54 expression and the accu-
racy of Laboratory B was 100%, 100% and 89%, respec-
tively. Laboratory B had a little higher accuracy than
Laboratory A.

From the above, expression of CD86 and CD54 gave
good predictive results. The accuracy for CD86 and/or
CD54 was calculated and an accuracy of 78/89%, 89/
100%, and 100/100% was obtained for the lower, mid,
and high criterion, respectively (Laboratory A/B data).

values of 120, 150 and 200.

The use of both markers improved the accuracy as com-
pared with a single marker. Thus, the overall accuracy in
the two laboratories was 78%, 89% and 100%, for our three
tentative criterions, respectively (see Table 2).

3.2. Phenotypic characterization of THP-1 cells with 48 h
treatment

Calculated RFI values for CD86 and CD54 expression
following a 48 h treatment are shown in Fig. 2 and the sum-
mary data including accuracy are shown in Table 2. The
two laboratories had almost similar results. Four doses
for each chemical were tested but only one or two doses
were evaluated due to the cytotoxicity of some chemicals
(i.e., DNCB, pPD and Ni). The number of successful test
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Table 2
The summary data for CD86 and CD54 expression following exposure to nine chemicals
cell line THP-1 U-937 .
treatment hours 24h 48h 24h 48h
tentative criterion 120 150 200 120 150 200 120 150 200 120 150 200
DNCB i e+ H+ A ++ ++ L S e .
pPD ++ ++ +i+
2-MBT
Ni
D86 - -
Pt ++ +/+ ++ ++
SLS o/ ol -/- -/- /- /- -/~
tween 80 /- of- WA -/- -/ o A
DMSO e -/ -/ f -/- -~ -l -/- -~
accuracy (K/S) 67/78 189/89167/78|89/78 ‘ 89 /78 78/89 | 56/78 | 67/67 | 56/89 | 44/78
DNCB ++ +/+ +/+ / ++
pPD +/+ = +/+ :
2-MBT ++ ++ ++ +/+ +H+
Ni ++ ++ i
CD54 Co ++ ++ +l+ +/+ ++
Pt i+ +/+ 4 4 ++
SLS A -
tween 80 /- - o - -/- A - /- -l
DMSO -/ /- -/- /- /- /- -/ -/ -/
accuracy (A/B) 78/100{78/100| 89/89 | 89/67 | 89/78 | 78/78 || 44/78 | 33/33 | 33/33 | 33/56 | 33/33 | 33/33
combined accuracy *1 78/89 |89/100100/100|89/78 |100/7889/78 || 67/67 |78/89 |56/78 | 67/67 | 56/89 | 44/78
inter-laboratory accuracy #2| 78 89 100 78 78 78 44 67 56 33 56 44

Relative fluorescence intensities (RFIs) of CD86 and CD54 expression for THP-1 and U-937 were compared with three tentative criteria. The accuracy was
calculated based on these results. Each column shows the data of Laboratory A on the left and the data of Laboratory B on the right (Laboratory A data/
Laboratory B data). *“+” means RFI of CD86 and/or CD54 > tentative criterion, and “—" means RFI of CD86 and CD54 < tentative criterion, *“~/-"
on allergens means that both laboratories obtained false negative results, and “-+/-"" on non-allergens meant that both laboratories obtained false positive

results. **+/—"" and “~/4” on allergens means one of laboratories had false negative results. “*+/—"

and “—/+" on non-allergens means one of

laboratories had false positive results. *1 = the accuracy of CD86 and/or CD54, If either RFI of CD86 or CD54 was more than criterion. the chemical
would be “+”, positive. And if both RFI of CD86 and CD54 were below criterion, the chemical would be *“—”, negative. *2 = the accuracy that both

laboratories could predict exactly based on either CD86 and/or CD54.

doses at 48 h treatment was fewer than the 24 h treatment.
But both CD86 and CD54 expression tended to be similar
at 24 h and 48 h.

For CD86 expression, allergens except for 2-MBT for
both labs and Ni in Laboratory B augmented significantly
the RFI values compared to vehicle control and the RFI
values were over 150. Concerning the RFI values for
non-allergens, only DMSO in Laboratory B was over
120, but below 150. The RFI values for the other non-aller-
gens were all below 120 and did not differ compared to
vehicle control. The accuracy was 89/78%, 89/78% and
78/67% for the tentative criterion of 120, 150 and 200,
respectively (Laboratory A/B data).

For CD54 expression, allergens had RFI values over 150
and 200. The exceptiens were pPD, which had an RFI
value under 150 in Laboratory A and under 200 in both
laboratories, and Ni in Laboratory B, which had an RFI
value under 150 and under 200 in both laboratories. 2-
MBT did not up-regulate the expression of CD86, but

N

the RFI values of CD54 expression in both laboratories
were over 200. Ni did up-regulate significantly in the 24 h
treatment but did not change much especially for Labora-
tory B. For metal allergens, Co and Pt had very high RFI
values (over 500). For non-allergens, RFI values for Tween
80 in Laboratory B were over 150, but below 200
(RFI = 189), and RFI values for DMSO were over 120
only for Laboratory B. The RFI values for the other
non-allergens were below 120. The accuracy was 89/67%,
89/78% and 78/78% for the tentative criterion of 120, 150
and 200, respectively (Laboratory A/B data).

From the above, expression of CD86 and CD54 on
THP-1 cells were also good predictive markers following
a 48 h treatment. The accuracy for CD86 and/or CD54
expression was calculated and an accuracy of 89/78%,
100/78% and 89/78% was obtained for the tentative crite-
rion of 120, 150 and 200, respectively (laboratory A/B
data). The use of both markers improved the accuracy as
compared with a single marker. The overall accuracy for
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Fig. 2. The effect of chemical allergens and non-allergens on THP-1 cell expression of CD86 (A) and CD54 (B) for both laboratories at 48 h treatment.

the two laboratories was 78% for our three tentative crite-
ria (120, 150, and 200, respectively; see Table 2). These
accuracies were not better than those noted in the 24 h
treatment experiments.

3.3. Phenotypic characterization of U-937 cells with 24 h
treatment

The data are shown in Fig. 3. The reproducibility of cell
viability for the two laboratories was not better than with
THP-1 cells for the same concentrations. For DNCB, Labo-
ratory A could evaluate only one dose (0.1x ICsp) but Labo-
ratory B could evaluate three doses (0.1x, 0.5x and 1x ICs).

For CD86 expression, the RFI values for pPD, Co, and
Pt were over 150 at both laboratories, but DNCB, 2-MBT
and Ni were up-regulated over 150 for only one laboratory.
For the non-allergens, all RFI values were under 150, but

S

Tween 80 in Laboratory A and three non-allergens in Lab-
oratory B were over 120. The accuracy was 67/67%, 78/
89% and 57/78% for the lower, mid, and high criterion,
respectively (Laboratory A/B data).

No difference was noted in CD54 expression between
cells treated with most allergens compared to cells treated
with vehicle control. Some allergens up-regulated CD54
expression over an RFI value of 120 at Laboratory A
and/or B, but did not reach an RFI value over 150. The
RFT values for all non-allergens were below 120. The accu-
racy was 44/78%, 33/33% and 33/33% for the three criteria,
respectively (Laboratory A/B data).

The accuracy for CD86 and/or CD54 expression was
calculated and an accuracy of 67/67%, 78/89% and 56/
78%, respectively, was obtained for the three criteria
(Laboratory A/B data). When comparing the ability of
either marker to correctly identify each test material at

5;
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Fig. 3. The effect of chemical allergens and non-allergens on U-937 cell expression of CD86 (A) and CD54 (B) for both laboratories at 24 h treatment.

each threshold selected, the accuracy of the CD86 and/or
CD54 marker was similar to only using the CD86 marker;
so no improvement was obtained as compared with a single
marker. The overall accuracy for the two laboratories was
44%, 67% and 56%, respectively, for our three tentative cri-
teria (120, 150, and 200, respectively; see Table 2) and these
accuracies were not better than those observed with THP-1
cells at 24 h treatment.

3.4. Phenotypic characterization of U-937 cells with 48 h
treatiment

The data are shown in Fig. 4. RFI values for CD86 and
CD54 expression tended to be similar to the results
obtained with U-937 cells at 24 h treatment. The accuracy

DI

for CD86 expression was 67/67%, 56/89% and 44/78%,
respectively, and 33/56%, 33/33% and 33/33% for CD54
expression, respectively, for the criterion of 120, 150 and
200 (Laboratory A/B data). The accuracy for CD86 and/
or CD54 expression was 67/67%, 56/89% and 44/78%,
respectively (Laboratory A/B data). As with the THP-1 cell
experiments, the use of both markers did not improve the
overall accuracy compared to only using a single marker.
So, no improvement was noted as compared with a single
marker. The overall accuracy of the two laboratories was
33%, 56% and 44% for our three tentative criteria, respec-
tively (120, 150 and 200, see Table 2). These accuracies
were not better than those observed with THP-Icells
treated for 24 h and 48 h or with U-937 cells treated for
24 h.
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Fig. 4. The effect of chemical allergens and non-allergens on U-937 cell expression of CD86 (A) and CD54 (B) for both laboratories at 48 h treatment.

3.5. Relationship between up-regulation of CD86/CD54
expression and cell viability

The cell viability is shown in Table 3 for cells treated
with concentrations of chemical that enhanced RFI values
over 150 or 200. Depending on allergen, appropriate cell
viability for up-regulation of CD86/CD54 expression was
not the same. For CD86 expression, each allergen had an
RFI value over 150 with a cell viability ranging from
60% to 97% (Laboratory A) or 60% to 97% (Laboratory
B). RFT values over 200 were observed at a cell viability
range from 62% to 93% (Laboratory A) and 60% to 93%
(Laboratory B). The pattern of CD86 expression observed
primarily for each set of treatments had one RFI maximum
value as concentration increased. The cell viability range
from 55% to 97% (55-95%) for Laboratory A and 60%

Ve »

32

to 95% (63-95%) for Laboratory B were needed for up-reg-
ulation of CD54 expression (over 200 RFI). In this case,
observed CD54 expression resulted in a classical dose
response pattern. With increasing concentration, the RFI
also increased for most chemicals. For U-937 cells, some
level of cytotoxicity was also needed for up-regulation of
CD86/CD54 expression (data not shown).

4. Discussion

Our two laboratories have independently explored the
use of human cell lines in an in vitro skin sensitization test.
Ashikaga et al. (2002, 2003) indicated that up-regulation of
CD86 expression and MHC class II molecule internaliza-
tion on THP-1 and U-937 cells occurred when these cells
were treated with some allergens. They suggested that the

PRI



782

Table 3
The cell viability that showed over 150 or 200 RFI values in THP-] cells at
24 h treatment are shown

CDS§6

CD54

(A) Lab. A

DNCB 68, 76, 76, 88 68, 76, 76, 88
pPD 62, 69, 71, 75, 84, 93 84

2-MBT - 87,78, 95

Ni 60, 68, 75, 84, 84 60, 68, 75, 84. 84
Co 88. 85, 93, 91 64, 88, 85, 93, 91
Pt 80, 97 55, 64, 80, 92, 97
(B) Lub. B

DNCB 76, 81. 89, 92, 96 76, 81, 89

pPD 60, 60, 63, 71, 77, 91 60, 60, 63, 77
2-MBT - 96, 95

Ni 78, 53, 90, 89, 97 78, 53. 90, 89
Co 89. 97, 92, 93, 93 89, 78, 97, 92, 93
Pt 9% 71, 63, 87, 89, 94, 95

The cell viability was from the independent data of six allergens. The
upper table (A) was for Laboratory A and the lower table (B) was for
Laboratory B. Data on the left were for the RFI values of CD86 and data
on the right were for the RFI values of CD54. The bold character rep-
resents the cell viability at the dose which the RFI value was over 200. A
certain level of cytotoxicity (from 55% to 97% cell viability) was needed for
enhancement of CD86/CD54. Values presented in table are percent (%).

test system using this phenotypical alteration can be used
as an in vitro semsitization test. In addition, Yoshida
et al. (2003) and Sakaguchi et al. (2003) showed that not
only CD86 expression but also CD54 expression on
THP-1 and KG-1 cells could be used in the development
of an in vitro method. To develop an in vitro skin sensiti-
zation test that could be accepted by regulatory authorities,
both laboratories collaborated to optimize a protocol in

THP-1
Expression of CD86
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order to begin validation of the method (refer to the related
paper entitled “Optimization of the h-CLAT Protocol”
within this journal). Using the optimized protocol, we eval-
uated a total of nine chemicals (six allergens, three non-
allergens) for their potential to augment expression of
CD86 and CD54 markers in this inter-laboratory valida-
tion study. When a criterion is defined for CD86 and/or
CD54 expression, allergens/non-allergens were better pre-
dicted using THP-1 cells compared to U-937 cells following
a 24h or 48 hh treatment time. Especially if our tentative
criterion is defined as an RFI of 200, the accuracy of the
method was 100% for both laboratories with THP-1 cells
treated for 24 h. On the other hand, the accuracy in two
laboratories with U-937 cells was only 56%. One of the rea-
sons for the low prediction rate with U-937 cells was the
inherent high expression levels of CD54 compared to
THP-1 cells. In our untreated U-937 cells, we observed a
high expression level of CD54 (Fig. 5). Champagne et al.
(1998) also showed a high expression of CD54 on untreated
U-937 cells. Due to the high expression of CD54, signifi-
cant increases in CD54 expression could not be obtained
in U-937 cells when treated with allergens. In our study,
when looking only at CD86 expression, the accuracy of
the two laboratories at 24 h treatment was respectively
89%/89% (THP-1) and 78%/89% (U-937) for the criterion
of RFI = 150. So, no big differences were noted between
THP-1 and U-937.

We used CD86 and CD54 expression as markers for sen-
sitization in the validation study. Expression of CD86 and
CD54 were good predictive markers when THP-1 cells
were used, but for U-937 cells treated at 24 h and 48 h,

Expression of CD354
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Fig. 5. Histogram of flow cytometric analysis for CD86 and CD54 on THP-1 and U-937 following DNCB treatment. The upper histograms were for
THP-1 and the lower histograms were for U-937. The left histograms were for CD86 and the right histograms were for CD54. These histograms were for
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expression of CD86 was a better predictor than CD54
expression. For THP-1 cells, the accuracy also improved
when both markers (CD86 and CD54) were used as com-
pared with a single marker. There are some human cell line
studies using CD86 expression as a marker. Rousset et al.
(2002) evaluated CD86 expression for over 50 chemicals
using U-937 cells and reported an increase of CD86 expres-
sion with treatment of allergens. Hulette et al. (2002) used
cytokine-induced KG-1 cells (a human myeloid cell line) to
evaluate two allergens (i.e., dinitorofluorobenzene and
MCI/MI), and an irritant (i.e., SDS) following a 48 h treat-
ment. Only MCI/MI increased expression of CDS86 to
194% of untreated control. Python et al. (2004) demon-
strated that the exposure to allergens (TNBS, 2-MBT)
induced an increase of CD86 expression, whereas irritants
(SDS, methyl salicylate) showed no relevant modulation
of CD86 on U-937 cells treated with IL-4.

When we compared the 24 h and 48 h treatment times,
the 24 h treatment time tended to have a better accuracy
than the 48 h treatment time for THP-1 cells. For U-937
cells, there was not a significant difference between these
two treatment times. Rousset et al. (2002) evaluated the
kinetics of CD86 expression on U-937 cells using flow
cytometry following NiSO, treatment and demonstrated
that a 48 h treatment was better than a 24 h treatment.
Python et al. (2004) also evaluated kinetics of CD86 expres-
sion on U-937 cells following TNBS treated with IL-4 and
showed CD86 expression increased with time after 24 h,
48 h, and 72 h at the same tested concentrations compared
to control. In our test protocol, test concentrations and
treatment times were established following a cytotoxicity
assay using MTT. This process differs from previous stud-
ies, which may account for the observed differences between
our results and those from other investigators.

In this study, we set three tentative criteria; RFI values
of 120, 150, and 200. For THP-1 cells exposed for 24 h,
RFT values =200 would be the best criterion for the nine
chemicals tested. But the criterion of RFI value =50 also
has a similar prediction potential. Previously, we reported
that an RFI value of 120 or greater in THP-1 cells can
be used as a criterion for judging whether a test substance
is positive or not (Ashikaga et al., 2002; Yoshida et al.,
2003). The observed higher response (RFI value 200)
may be from the optimization of the test protocol with
THP-1 cells. For U-937 cells, Rousset et al. (2002) set a
value of 120 as an induction index ((assay/control) x 100)
and showed that the concordance with human clinic data
was over 90% for over 50 chemicals when this index was
used as a criterion for allergens/non-allergens. From these
data including our results, the criterion for predicting aller-
gens with an in vitro skin sensitization test using human
cell lines was a in the range of 120-200. To decide the final
value, more data is needed.

As we show in Table 3, up-regulation of CD86 and
CD54 expression was observed with concentrations that
result in a cell viability range from about 60% to 95%.
From these data, low levels of cytotoxicity may be an inte-

gral part in this method for predicting an allergen. In our
previous study, Yoshida et al. (2003) reported that many
allergens showed a positive response at 70-85% cell viabil-
ity and that a subtoxic concentration would be a key factor
in detecting an allergen. Ashikaga et al. (2002) also showed
that a subtoxic allergen concentration resulted in an up-
regulation of CD86 expression. Similarily, Rousset et al.
(2002) also reported increased expression of markers on
U-937 cells with a >70% cell viability with their test
method. In summary, the use of a subtoxic allergen concen-
tration appears to be a key factor in predicting an allergen
when using human cell lines in an in vitro skin sensitization
method. To develop a more robust method, we need to fur-
ther evaluate the role a subtoxic concentration plays in the
prediction of an allergen in this assay.

Recently the development of in vitro safety testing
including skin sensitization methods is becoming more
arduous due to methodology limitations, animal welfare
considerations, and regulatory perspectives. Several inves-
tigators have reported using human cells, peripheral
blood-derived dendritic cells, or have evaluated changes
in expression of cell surface markers (e.g., CD54, CDS8O,
CD83, CD86, and chemokine receptors: CXCR4, CCR5
and CCRY7) in the development of their in vitro alternative
tests (Rustemeyer et al., 2003; Aeby et al., 2004; Staquet
et al., 2004; Boisleve et al., 2004). On the other hand, meth-
ods using human cell lines are not as common. In this
study, we conclude that our method, human cell line acti-
vation test (h-CLAT) using THP-1 and U-937 cells, but
especially THP-1 cells with a 24 h treatment, was a robust
and reliable method. This method may be a useful in vitro
skin sensitization model to predict various contact aller-
gens. To establish the h-CLAT, we need to actively
advance a multi-laboratory validation study and optimize
the protocol further in near future.

Acknowledgement

We thank Dr. Javier Avalos for his critical review of the
manuscript.

References

Aeby, P., Wyss, C., Beck, H., Griem, P., Schefiler, H., Goebel, C., 2004.
Characterization of the sensitizing potential of chemicals by in vitro
analysis of dendritic cell activation and skin penetration. Journal of
Investigative Dermatology 122, 1154-1164.

Aiba, S., Terunuma, A., Manome, H., Tagami, H., 1997. Dendritic cells
differently responded to haptens and irritants by their production of
cytokines and expression of co-stimulatory molecules. European
Journal of Immunology 27, 3031-3038.

Ashikaga, T., Hoya, M., Ttagaki, H., Katumura, Y., Aiba, S., 2002.
Evaluation of CD86 expression and MHC class 11 molecule internal-
ization in THP-1 human monocyte cells as predictive endpoints for
contact sensitizers. Toxicology in Vitro 16, 711-716.

Ashikaga, T., Hoya, M., Tagaki, H., Aiba, S., Toyoda H., 2003.
Development of in vitro sensitization models by using human cell
lines. In: Proceedings of the 28th Annual Meeting of Japanese
Cosmetic Science Society.

., 329 |



784 H. Sakaguchi et al. | Toxicology in Vitro 20 (2006) 774-784

Becker, D., Kolde, G., Reske, K., Knop, J., 1994. An in vitro endocytotic
activation of murine epidermal Langerhans cells under the influence of
contact allergens. Journal of Immunological Methods 169, 195-204.

Boisleve, F.. Kerdine-Romer, S., Rougier-Larzat, N., Pallardy, M., 2004.
Nicke] and DNCB induce CCR7 expression on human dendritic cells
through different signalling pathways: role of TNF-alpha and MAPK.
Journal Investigative Dermatology 123, 494-502.

Champagne, B., Tremblay, P., Cantin, A., St Pierre, Y., 1998. Proteolylic
cleavage of ICAM-1 by human neutrophil elastase. Journal of
Immunology 161, 6398-6405.

Coutant. K.D., de Fraissinetie, A.B., Cordier, A., Ulrich, P., 1999.
Modulation of the activity of human monocyte-derived dendritic cells
by chemical haptens. a metal allergen, and a staphylococcal superan-
tigen. Toxicological Sciences 52, 189-198.

De Smedt. A.C., Van Den Heuvel, R.L., Van Tendeloo, V.F., Berneman,
Z.N., Schoeters, G.E., Weber. E., Tuschl, H., 2002. Phenotypic
alterations and IL-1 beta production in CD34(+) progenitor- and
monocyte-derived dendritic cells after exposure to allergens: a com-
parative analysis. Archives of Dermatological Research 294, 109-116.

Hulette, B.C., Rowden, G., Ryan, C.A., Lawson, C.M., Dawes, S.M.,
Ridder, G.M., Gerberick, G.F., 2001. Cytokine induction of a human
acute cell line (KG-1) to a CDla+ dendritic cell phenotype. Archives
of Dermatological Research 293, 147-158.

Hulette, B.C,, Ryan, C.A., Gerberick, G.F., 2002. Elucidating changes in
surface marker expression of dendritic cells following chemical allergen
treatment. Toxicology and Applied Pharmacology 182, 226-233.

Iwameoto, S., Sugisaki, K., Shibuys, 1., Takeda, M., 1999. Characteriza-
tion of a novel human Langerhans cell type dendritic cell line, ELD-1.
Dendritic cells 9, 41-47.

Krasteva, M., Péguet-Navarro, J.,, Moulon, C., Courtellemont, P.,
Redziniak, G., Schmitt, D., 1996. In vitro primary sensitization of
hapten-specific T cells by cultured human epidermal Langerhans
cells—a screening predictive assay for sensitizers. Clinical and Exper-
imental Allergy 26, 563-570.

Mossmann, T., 1983. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assay. Journal of
Immunological Methods 65, 55-63.

Moulon, C., Péguet-Navarro, J., Courtellemont, P., Redziniak, G.,
Schmitt, D., 1993. In vitro primary sensitization and restimulation of
hapten-specific T cells by fresh and cultured human epidermal
Langerhans’ cells. Immunology 80, 373-379.

[

Python, F., Goebel, C., Aeby, P., 2004, Evaluation and optimization of an
in vitro culture system for the identification of contact allergens. Tn:
Proceedings of the 10th International Congress on Toxicology.

Rizova, H., Carayon, P.. Barbier, A., Lacheretz, F., Dubertret. L., Michel,
L.. 1999. Contact allergens, but not irritants, alter receptor-mediated
endocytosis by human epidermal Langerhans cells. British Journal of
Dermatology 140, 200-209.

Rougier, N., Redziniak, G., Mougin, D., Schmitt, D., Vincent, C., 2000.
In vitro evaluation of the sensitizaiton potential of weak contact
allergens using Langerhans-like dendritic cells and autologous T cells.
Toxicology 145, 73-82.

Rousset, F., Verda, D., Garrigue, J.L., Mariani, M., Leclaire, J., 2002. In
vitro prediction of contact sensitivity with human cell lines. Contact
Dermatitis 46 (s4), 6.

Rustemeyer, T., Preuss, M., von Blomberg, B.M., Das, P.K., Scheper,
R.J., 2003. Comparison of two in vitro dendritic cell maturation
models for screening contact sensitizers using a panel of methacrylates.
Experimental Dermatology 12, 682-691.

Ryan, C.A., Hulette, B.C., Gerberick, G.F., 2001. Approaches for the
development of cell-based in vitro methods for contact sensitization.
Toxicology in Vitro 15, 43-45.

Ryan, C.A., Gildea, L.A., Hulette, B.C., Dearman, R.J., Kimber, 1,
Gerberick, G.F., 2004. Gene expression changes in peripheral blood-
derived dendritic cells following exposure to a contact allergen.
Toxicology Letters 150, 301-316.

Sakaguchi, H., Yoshida, Y., Okuda, M., Yoshizuka, N. Suzuki, H., 2003.
Development of in vilro skin sensitization test using human monocytic
cell line (THP-1). In: Proceedings of the 17th annual meeting of
Japanese Society of Alternative to Animal Experiments.

Staquet, M.J., Sportouch, M., Jacquet, C., Schmitt, D., Guesnet, J.,
Peguet-Navarro, J., 2004. Moderate skin sensitizers can induce
phenotypic changes on in vitro generated dendritic cells. Toxicology
in Vitro 18, 493-500.

Verrier, A.C., Schmitt, D., Staquet, M.J., 1999. Fragrance and contact
allergens in vitro modulate the HLA-DR and E-cadherin expression
on human epidermal Langerhans cells. International Archives of
Allergy and Immunology 120, 56-62.

Yoshida, Y., Sakaguchi, H., Tto, Y., Okuda, M., Suzuki, H., 2003.
Evaluation of the skin sensitization potential of chemicals using
expression of co-stimulatory molecules, CD54 and CD86, on the naive
THP-1 cell line. Toxicology in Vitro 17, 221-228,

GO
o
i e



Existence of a no effect level for MelQx
hepatocarcinogenicity on a background of
thioacetamide-induced liver damage in rats

Jin Seok Kang," Hideki Wanibuchi," Keiichirou Morimura,! Yukari Totsuka,? Isao Yoshlmura3 and

Shoji Fukushima™

'Department of Pathology, Osaka City University Medical School, 1-4-3 Asahi-machi, Abeno-ku, Osaka, 545-8585; 2Cancer Prevention
Basic Research Project, National Cancer Center Research Institute 5-1-1 Tsukifi, Chuo-ku, Tokyo 104-0045; and *Faculty of
Engineering, Tokyo University of Science, 1-3 Kagurazaka, Shinjuku-ku, Tokyo 167-8601, Japan

(Received December 12, 2005/Revised January 28, 2006/Accepted February 6, 2006/Online publication March 31, 2006)

As exposure to heterocyclic amines might increase the risk of
liver cancer, we investigated the carcinogenic potential of MelQx
under conditions of liver damage caused by TAA, Male, 6-week-
old F344 rats (n = 280) were divided into 14 groups, groups 1-7
received TAA (0,03% in drinking water) and gr_oups 8-14 received
water for the first 12 weeks. Thereafter, the animals feceived
MelQx at doses from 0, 0.001, 0.01, 0.1, 1, 10 to 100 p.p.m. (groups
1-7 and 8~14, respectively) in pellet basal diet for 16 weeks. All
survivors were killed at week 28 for assessment of numbers and
areas of GST-P positive fodi, considered to be pre-neoplastic lesions
of the liver. Values were increased sighificantly in all the groups
receiving TAA-MelQx compared to MelQx alone (P'<0.01).
Numbers of GST-P pds'itive foci were significantly increased in
groups 7 and 14 (treated with 100 p.p.m. MelQx) as compared to
0 p.p.m.-MelQx (groups 1 and 8) (P < 0.01), along with areas in group
14 compared to group 8 (P < 0.01). However, with the maximum
likelihood method, the data for numbers of GST-P positive fodi
(groups 1-7 and groups 8-14) fitted the hotkey stick regressxon
model, representing no differences from groups 1-5 and from groups

8-13, despite a linear dose-dependent increase of MelQx-DNA
adducts from 0.1 to 100 p.p.m. We conclude that there is a no
effect level for MelQx hepatocarcinogenicity, even on a background
of TAA-induced liver damage, (Cancer Sci 2006; 97: 453-458)

Exposure to dietary and environmental carcinogens in our
everyday lives may be closely related to the occurrence of
cancer.“? Of many genotoxic carcinogens occurring naturally
in our environment, interest has been concentrated on
heterocyclic amines generated during the frying or grilling of
foods, especially meat and fish products.®

It has been generally considered that genotoxic carcinogens
have no threshold with regard to their carcinogenic potential,
However, this concept is theoretical and has been founded
on the limited data available for cancer risk assessment of
genotoxic carcinogen exposure.*” Therefore it is important
to estimate the incidence and severity of adverse effects in
human populations at actual exposure levels, which means
that the focus should be on relatively low doses.©-®

MelQx is a genotoxic heterocyclic amine causing DNA
adducts®'® and tumors with long-term treatment in mice
and rats.?™13 Tt is likely that exposure to MeIQx may be
particularly harmful in persons suffering from liver disease,

doi: 10.1111/.1349-7006.2006.00201.x
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such as cirrhosis, and this needs to be taken into account
in risk assessment and management. In the present study,
we experimentally induced liver damage in rats using
TAA, a well-known hepatotoxin, before feeding MelQx at
doses from low to high levels, and evaluated quantitative data
for GST-P positive foci, which are considered to be pre-neo-
plastic lésions of the liver,*4-'9 MeIQx DNA adducts, and 8-
OHdG in the liver. Because recent research has indicated that
dietary factors can affect DNA methylation,""'® an examina-
tion of this parameter was included.

Materials and Methods

Animals and treatment

Male, 6-week-old F344 rats (n=280) were obtained from
Charles River Japan (Atsugi, Japan) and housed in a room
with a 12h light/dark cycle, at constant temperature and
humidity. Rats were allowed free access to pellet chow diets
(MF-1, Oriental Yeast, Tokyo, Japan) during the experiment
and all procedures were approved by the Institutional Animal
Care and Use Committee.

Animals were divided into 14 groups: groups 17 received
TAA (Sigma-Aldrich, St Louis, MO, USA) in drinking water
at a concentration of 0.03% for 12 weeks, while groups 8-14
were given drinking water without TAA. Thereafter, they
received MelQx (purity 99.9%, Nard Institute, Nishinomiya,
Japan) at doses of 0 (groups 1 and 8), 0.001 (groups 2 and 9),
0.01 (groups 3 and 10), 0.1 (groups 4 and 11}, 1 (groups 5
and 12), 10 (groups 6 and 13), or 100 p.p.m. (groups 7 and
14) in pellet basal diet for 16 weeks continuously. All survi-
vors were killed at week 28 under ether anesthesia.

Bodyweight, food consumption and water intake of all ani-
mals were measured every week. At necropsy, liver weight
was measured, and liver tissne was fixed in 10% phosphate-
buffered formalin and routinely processed for embedding in
paraffin, and staining of 4-jum sections with hematoxylin and
eosin and Azan-Mallory for histopathological examination.
Further sections were applied for immunohistochemical

“To whom correspondence should be addressed.

E-mail: fukuchan@med.osaka-cu.ac.jp

Abbreviations: 8-OHdG, 8-hydroxy-2'-deoxyguanosine; GST-P, glutathione 5-
transferase placental form; MelQx, 2-amino-3,8-dimethylimidazol4,5-f}quinoxaline;
TAA, thioacetamide.
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staining. The remaining liver samples from all animals were snap-
frozen in liquid nitrogen for subsequent biochemical analyses.

Immunohistochemical examination of GST-P

The avidin~biotin complex method was used to demonstrate
GST-P in sections {4 wm) of liver tissue dewazed with xylens
and hydrated through a graded ethanol series. Sections were
treated sequentially with 0.3% hydrogen peroxide, normal goat
serumm, rabbit anti-GST-P antibody (MBI, Nagoya, Japan)
at 1:1000 dilution, biotin-labeled goat anti-rabbit IgG and
avidin-biotin-peroxidase complex (ABC kit; Vector Laboratories,
Burlingame, CA, USA). Immune complexes were visualized with
3,3"-diaminobenzidine tetrahydrochloride as a chromogen. As
a negative control, normal serum was used instead of primary
antihodies. The sections were countersiained with Mayer's
hematoxylin to facilitate exarnination under & light microscope.

Quantification of GST-P positive fodi

GST-P positive foci (having more than fwe positive cells)
of all animals were counted under a light microscope. Total
areas of GST-P positive foci and of the entire liver sections
were measured using a color image processor (IPAP, Sumics
Technos, Osaka, Japan) to allow caleulation of the number of
foci per em? and the area (mm?) per om® of liver section. Data
were the mean £ SD value for all samples per group.

Quantification of MelQx-DNA adduct levels in the livers
The levels of MeIQx-DNA adducts were measured by the
¥p_postlabeling method vnder modified adduct intensification
conditions using frozen samples, as previously reported.?
Data were the mean % SD value from three samples per group
and thres independent experiments.

Quantification of 8-OHdG formation

DNA samples isolated from pieces of frozen liver weighing
500 mg were digested into deoxynucleosides by combined
treaiment with nuclease P1 and glkaline phosphatase. Levels
of 8-OHAG were determined by high-performance liquid
chromatography (HPLC), as described eartier,®® and results

Tabie 1. Final bodywelghts and relative Hver and spleen weights

were expressed as the munber of 8-OHAG residues/10° total
deoxyguanosings, Data were the mean 28D value for 10
samples per group and four independent experiments.

Immunchistochemical staining of 5-methyleytosine

The avidin-biotin complex methed was used to demonsirate
S-methyleystosine in sections (4 jim) of liver tissue dewaxed
with xylene and hydraied through a graded sthanol series.
Sections in sodium citrate buffer (pH 6.0) were boiled in an
autoclave for 25 min and then treated with 3.5 N HCI and
3% hydrogen peroxide, normal horse serum, and anti-5-
methyleytosine antibody (Calbiochem, La Jolla, CA, USA) at
1;1000 dilution, followed by ABC-peroxidase procedures
(ABC kit). Immune complexes were visualized with 3,3
diaminobenzidine tetrahydrochloride as 2 chromogen. As 2
negative control, normal serum was used instead of primary
antibodies, The sections were counterstained with Mayer's
hematoxylin fo facilitate examination under a lHight
microscope.

Statistical analysis .

The Tukey-Kramer method was applied to the dats of GST-
P positive foci, MeIQx-DNA adducts and 8-OHIG levels
using the JMP program (SAS Institute, Cary, NC, USA). For
all comparisons, P-values less than 5% (P <0.05) were
considered to be statistically significant. For analysis of the
dose~vesponse relationship for the dafa of GST-P positive
foci, the data of numbers of GST-P were divided into two
categories (groups 1-7 and groups 8-14), and the maximum
likelihood method® was used to obtain optimally fitted
models using the SAS/IML procedure (SAS Institute).

Results

Body and relative liver welghts, and histopathological
examination of liver 7

Merked growth retardation was noted during TAA treatment,
with a significant decrease in final bodyweights compared
with the corresponding non-TAA treatment groups (Teble ,

MelQx Number Initial Fingl Relative organ weight (%)
Group TAA {p.p.m) of rats bodyweight (o) bodyweight (g) Liver Splean

1 + 0 30 1209454 3311 £ 24,45 32+ 1.4% 0.2 204
2 + 0,001 30 118.845.2 334.4 % 23.3%* 3211.0% 0.340,1%
3 + 0.01 30 1205456 33153 20.9%¢ 34E 1,345 8.340.1%%
4 ® 9.1 30 1219152 339,22 21.0%% 30408 0.230.1

5 + 1 30 120.7 455 337.6 + 20,8%* 29408 0.2+0,1

e + 10 30 1202448 34361 10.7%% 29106 0,208

7 ¥ 100 29 1212450 %26.0% 16.3%¢ 33407 0.3£0,1%
8 - 0 10 119.5+6.8 390.8+11.9 24304 0.2+00

§ - .00 10 1198460 4048215.2 21104 0.230.0
10 - 0.01 10 117.9£48 4039+ 148 21204 0.2 0.0
1 - 0.1 10 18,1455 39854 27.2 21403 82400
12 - 1 10 1185431 399,5+18,8 21204 0.2£0.0
13 - 10 10 1193458 39454181 2404 0.2 £0.0
14 - 100 10 11841462 38391213 23404 0.210.0

Data represent the mean £ 50, * ** Slgnificantly different fram the carresponding contra! group without thioacetamide (TAA) st P < 0.05
and P < 0.0, respectively. MelOx, 2-amino-3, 8-dimethylimidazo{4, 5-flguinoxaline.
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Table 2. Number and area of glutathione S-transferase placental (GST-P) positive foci

Group TAA MelQx (p.p.m.) Number of rats Number (no./cm?) -  Area {(mm?cm?)
1 + 0 30 21.836 £5,615% 6.291 + 4.065%
2 + 0.001 30 21.074+£7.218 6.558 £3.651*
3 + 0.01 30 19.626 £ 6.597* 5,845 £ 3.856*
4 + 0.1 30 19,734 +£6,708* 4,521 £3.246%
5 + 1 30 20.237 £6.115* 3.841£1.261*
) + 10 30 25740 £7,942* 5.0334£2771*
7 + 100 29 40.671£12.187%,%* 6.291 £2.529%
8 - 0 10 0.698 £0.844 0.002 £0.003
9 - 0.001 10 0.778 £0.746 0.001 +£0.002

10 - 0.01 10 0.679 £ 0.441 0.001 £0.001

11 - 0.1 10 0.735£0.894 0.002 +£0.003

12 - 1 10 0.538 £ 0.475 0.002 £0.002

13 - 10 10 1.010£0.,981 0.001 £0.001

14 - 100 10 7.504 £1,977%% 0.024 £0.012%*

Data represent the mean 4 SD. *Significantly different from the corresponding control group without thioacetamide (TAA) at P <0.01.
**Significantly different from control group (group 1 or 8) at £ < 0.01. MelOx, 2-amino-3,8-dimethylimidazo[4,5-flquinoxaline.
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Fig. 1. Immunohistochemical staining of glutathione S-transferase placental form (GST-P) positive foci and 5-methylcytosine in liver of rats. (A)
GST-P positive foci in a rat treated with 0.03% thioacetamide (TAA) in the drinking water for 12weeks then 2-amino-3,8-
dimethylimidazo[4,5-flquinoxaline (MelQx) 100 p.p.m. for 16 weeks, (B) GST-P positive foci in a rat treated with MelQx 100 p.p.m. for
16 weeks, (C) 5-methylcytosine in the liver from a rat treated with 0.03% TAA in the drinking water for 12 weeks then MelQx 100 p.p.m.
for 16 weeks; note many hepatic cells in hepatic nodules show negative staining, but non-parenchymal cells are positive, (D) 5-
methylcytosine in the liver from a rat treated with normal diet (MelQx 0 p.p.m.) for 16 weeks; most hepatic cells show positive staining;
bar = 100 um,
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P <0.01). There was a significant increase of relative liver
and spleen weight in groups 1, 2 and 3 compared with that of
groups &, 9 and 10 (P < 0.05). Liver of animals treated with
TAA showed cirrhosis and/or fibrosis, with nodular areas of
hepatocytes, separated by fibrous septa with a collagenous
matrix and myofibroblast-like cells and fibroblasts. There
was one unscheduled death in group 7 during the experiment.

Quantitative data for GST-P positive foci

TAA treatment induced bigger GST-P positive foci compared
to MeIQx alone (Table 2 and Fig. 1A,B). Numbers and
area of GST-P positive foci increased significantly in all
groups receiving TAA—-MelQx compared to MelQx alone
(P < 0.01). Moreover, the numbers of GST-P positive foci
were significantly increased in groups 7 and 14 (treated with
100 p.p.m. MelQx) as compared to 0 p.p.m.-MeIQx (groups
1 and 8) (P < 0.01), while the areas were significantly increased
in group 14 compared to group 8 (P < 0.01). However, there
were no differences at 10 p.p.m. or below as compared to
control levels, with or without TAA.

With the maximum likelihood method, the data of numbers
of GST-P positive foci (groups 1~7 and groups 8-14) fitted
the hockey stick regression model, with no differences
from groups 1-5 and from groups 8-13 (Fig. 2A and 2B,
respectively).
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Fig. 2. Analysis of the dose~response relationship for the number
of glutathione S-transferase placental form (GST-P) positive foci.
Statistical analyses were carried out as detailed in the Materials and
Methods section. (A} Numbers of GST-P positive foci demonstrated
no differences from groups 1~5. (B) Numbers of GST-P positive foci
demonstrated no significant variation from groups 8-13.
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Fig. 3. 2-amino-3,8-dimethylimidazo[4,5-flquinoxaline (MelQx)-DNA
adduct levels in the livers of rats treated with MelQx, with or
without thioacetamide (TAA). Levels of MelQx-DNA adducts in the
liver were measured as detailed in the Materials and Methods
section. Data are the mean % SD values from three samples per group
and three independent experiments. (O) TAA and MelQx combined
treatment groups; {{J) MelQx alone groups. **Significantly different
from MelQx 0.1 p.p.m. (P< 0.01).

MelQx-DNA adduct levels i m hver

Linear dose~dependent increase of MelQx-DNA adducts was
evident from 0.1 to 100 p.p m‘_,‘(F1g 3). However, there were no
differences between the groups. treated with TAA—~MelQx
and those exposed to MeIQx alone, With the low MeIQx intake
of groups below 0.01 p.p.m., nio adducts could be detected in
either TAA—>MelQx or MelIQx alone treated animals; their

levels might be under the detection limit (<5 x 10719,

Quantitative data for 8-OHdG
HPLC analysis of 8-OHdG formation showed that there
were no differences among the groups (Fig. 4), including the
TAA—-MeIQx and MelQx alone groups.
0.60
0.50

040

0.30

8-OHAG/10%4G

0.20

0.10

0,00

10 100
MelQx (p.p.m)

0 0001001 0.1 1 10 100 0 0,18_.01 011

TAA treatment No TAA treatment

Fig. 4. 8-CHAG formation levels in the livers of rats treated with 2-
amino-3,8-dimethylimidazo[4,5-flquinoxaline (MelQx), with or without
thicacetamide (TAA). Levels of 8-OHdG were determined as detailed
in the Materials and Methods section, and expressed as numbers of
residues/10® total deoxyguanosines. Data are the mean % SD values
from 10 samples per group and four independent experiments.
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Immunohistochemical staining of 5-methylcytosine in
liver

Around nodules, non-parenchymal cells such as fibroblasts or
myofibroblasts and bile ductular cells showed positive staining,
but many cells in hepatic nodules were negative (Fig. 1C).
However, most nuclei in livers from rats treated with normal
diet (MelQx 0 p.p.m.) showed positive staining (Fig. 1D).

Discussion

We have shown earlier that low-dose treatment with MeIQx
results in elevation of DNA adducts, but no induction of
GST-P positive foci, 8-OHdG and mutation frequency in rat
liver.®"22) These experimental results are line with the data for
several genotoxic carcinogens such as N-nitrosodiethylamine,
N-nitrosodimethylamine, 2-amino-1-methyl-6-phenolimidazo
[4,5-b]pyridine and 2-acetylaminofluorene. -2 In the present
study, the modifying effect of MelQx on GST-P positive foci
was more marked with numbers than areas, but in both cases
there were no effect levels at lower doses regarding induction
of GST-P positive foci, with or without TAA treatment.

The dose-response pattern analysis of the foci using the
maximum likelihood method showed numbers to fit the hockey
stick regression model, with no differences from groups 1-5
and from groups 8-13. Although shortening of no effects levels,
it is particularly important that there were no effects even on
a background of liver damage.

No effect levels with biological responses may fluctuate with
health status and other exposures,®® and may be associated
with repair of DNA damage®® and homeostatic mechanisms
to maintain cellular equilibriumn and normal function.®
However, as there may be a particular individual susceptibility
at a low dose,®? intermittent exposure of genotoxic carcinogens
may be related to greater risk of genotoxic damage.®"
Therefore, it is important to assay potential damage
induced by genotoxic carcinogens under complex conditions
in further studies.

Our previous findings on cotreatment of MelQx with
CCl, also showed no effect levels for the induction of GST-P
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positive foci in liver of rats with mild fibrosis.*? Compared
with the CCl, method, continuous administration of TAA in
the drinking water is a non-invasive approach for chronic
induction of fibrosis and/or cirrhosis in large numbers of
animals.®**® In this study, we could evaluate the carcinogenic
potential of MelQx without any chemical interference,
and found treatment of TAA induced liver fibrosis and/or
cirrhosis without mortality.

It is considered that DNA adduct formation is a good marker
for exposure to several carcinogens.®*) While an increase in
MeIQx-DNA adducts was noted with dose-dependence,
the additional liver disease did not exert any influence in the
present study. Furthermore, formation of 8-OHdG showed
no differences among the groups. Compared with previous
reports,™3®) it seems older animals show higher background
levels of 8-OHAG and there is low sensitivity to MelQx
treatment. :

Immunohistochemical staining of 5-methylcytosine provided
evidence that hepatic nodules were characterized by hypomethyla-
tion status. Interestingly, around nodules, non-parenchymal
cells such as fibroblasts or myofibroblasts and bile ductular
cells showed positive staining. As involvement of global
hypomethylation and regional hypermethylation of tumeor
suppressor genes in carcinogenesis has been proposed,®*0
alteration of methylation in genotoxic carcinogen-induced
tumors warrants further investigation.

In conclusion, in the present study, there was a no effect
level regarding hepatocarcinogenicity of MelQx, even on a
background of TAA-induced liver damage.
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Abstract In single nucleotide polymorphism (SNP)
data analysis, the allelic odds ratio and its confidence
interval (CI) are usually used to evaluate the associa-
tion between disease and alleles at each SNP. The
usual formula for caleulating the CI of the allelic odds
ratio based on the Hardy-Weinberg equilibrium
(HWE) may, however, lead to errors beyond the con-
trol assured by the nominal confidence level if HWE is
not true. We therefore present a generalized formula
for CI that does not assume HWE. Cls calculated by
this generalized formula are likely to be wider than
those by the usual method if the Hardy-Weinberg
disequilibrium (HWD) is toward a relative deficiency
of the heterozygotes (fixation index greater than 0),
whereas they are likely to be narrower if HWD is to-
ward a relative excess of the heterozygotes (fixation
index less than 0). A simulation experiment to examine
the influence of the generalization was performed for
the case where 2% of SNPs had a fixation index preater
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than 0. The result revealed that the generalized method
slightly decreased the mean number of falsely detected
SNPs.

Keywords  Allelic odds ratio - Confidence interval -
Fixation index - Hardy-Weinberg disequilibrium -
SNP

Introduction

Recently, we have witnessed the completion of the
project for identifying the human genome sequence
(International Human Genome Sequencing Consor-
tium 2€004), the accumulation of enormous SNP-related
data into public databases (Sachidanadam et al. 2001;
Haga etal. 2002), and the development of high
throughput SNP typing technologies. This progress has
provided modern molecular biology with an ability to
identify a genotype (combination of alleles) at any
particular genetic locus for a large number of individ-
uals (Hirschhorn et al. 2003).

In genetic association studies, the phenotype of
interest is typically associated with an allele or geno-
type for biallelic markers, such as SNPs, and conse-
quently many researchers are interested in calculating
the allelic odds ratio and its confidence interval (CI)
for identifying SNPs that may have a close association,
e.p., to a certain disease. The usual method, which
calculates the CI using Eq. 1 based on the logarithm

<log 1/?) of the estimated allelic odds ratio, the upper

a/2 quantile (z.;) of the standard normal distribution,
and observed frequencies n;’s in Table | (Balding
et al. 2001), assumes the Hardy-Weinberg equilibrium
(HWE) in study populations.
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