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Abstract

Sensitivity, specificity and accuracy are well known measures for evaluating the relevance of an in-
ter-laboratory validation study for alternative tests. It is not generally discussed that the measures are
dependent on two determining factors: a set of chemicals and the number of laboratories. Furthermore,
some alternative tests such as these for the phototoxicity test have an “Equivocal” category for judging
the toxicity of chemicals. These facts have made it difficult to interpret the value of the measures.

Therefore, in this paper we propose new measures to evaluate the alternatives, which depend on a
set of chemicals rather than on both factors, and can treat data which have “Equivocal” category. We
also propose their confidence intervals, which are measures of their precision.
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Introduction

Recently, due to an increasing social concern for
animal welfare, a lot of alternative animal tests
have been proposed, and in order to examine their
feasibility and practicality various inter-laboratory
validation studies have been conducted (e.g. Ray et
al,, 1994; Spielmann et al., 1998). Generally, the
primary purpose of the wvalidation study is to
evaluate both the relevance and reliability of a
proposed alternative test from the results of ex-
periments using the alternative test (Balls et al.,
1999). Sensitivity, specificity and accuracy are
measures to determine the effectiveness of the al-
ternative test when both the alternative and the
animal tests have a binary classification for judg-
ing toxicity of chemicals, as “Positive” and “Nega-
tive”, These are well known measures which have
been widely used to evaluate the relevance of the
alternative test in many validation studies (e.g.
Balls et al., 1990; Roy et al., 1994; Spielmann et
al., 1998).
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However, two points should be taken into
consideration concerning the interpretation of the
summarized data from validation studies. The first
point is that the values in the 2 by 2 table, which
summarizes data, depend not only on a selected set
of chemicals in the study but also on the number of
participant laboratories. The other point is that a
category for “Equivocal” produced from some al-
ternative tests such as these for the photoxicity test,
which is neither a “Positive” nor “Negative” cate-
gory, is often provided. For instance, the test
guideline of the in vitro 3T3 NRU phototoxicity
test states that ‘a test substance with a PIF < 2 or
an MPE < 0.1 predicts: "no phototoxicity”. 4 PIF
>2and < 5 or an MPE > 0.1 and < 0.15 predicts:
“probable phototoxicity” and a PIF > 5 or an
MPE > 0.15 predicts: “phototoxicity”.’ where the
PIF and the MPE are measurements of phototoxic-
ity for the test (OECD, 2004). In this case, since
there was a range suggesting similar performance
when several cut-off points were examined, the
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category “probable phototoxicity” as “Equivocal”
was set (Peters and Holzhtitter, 2002). Sugiyama,
et al (1994) proposed a red blood cell hemolysis
assay to predict phototoxicity of chemicals, and
they classified photohemolysis into three catego-
ries, +,+ and . ‘

" In this paper, we discuss the above two points
for the measures, sensitivity, specificity and accu-
racy, and propose new measures for evaluating the
relevance of an inter-laboratory validation study.
‘We also construct an.equation for their confidence
intervals, which measure their precision of them
(Altman, 2000a). '

Methods
Definition for sensitivity, specificity and con-
cordance "

Table 1 shows a 2 by 2 table. Sensitivity is
defined as the proportion of chemicals judged as
positive by an alternative test in which the chemi-
cals are identified as positive by an animal test.
When data is summarized as in table 1, sensitivity
is calculated by a/ (a + b). Specificity is defined as
the proportion of chemicals judged as negative by
the alternative test in which the chemicals are
identified as negative by the animal test. The
measure is d / (¢ + d). Accuracy is defined as the
proportion of a corresponding number of chemi-
cals by the judgment of the alternative test in

Table 1. The 2 by 2 table.

which all the chemicals are identified by the ani-
mal test. The measure is obtained as (a+d)/(a+b
+c+d).

It is rarely noted. that the values of these
measures depend on the selected set of chemicals.
If the toxicity of the selected chemicals in a valida-
tion study has only the strongest classes and the
weakest classes, the values of these measures
would be expected to be higher when the assessed
alternative test has a good correlation to the tar-
geted-animal test, If the researchers conducting the
validation study can select test chemicals before
the experiments on the alternative test, they can
control the measures. On the other hand, if they
choose many middle class chemicals in the study,
the measures may show an inferior result com-
pared to our expectation. Even if the chemicals are
selected by an external person not directly in-
volved in the study, the values of these are de-
pendent on the selected chemicals. Thus, we
should interpret the values of these as conditional
proportions dependent on .the set of selected
chemicals in the study.

Motivated data

Table 2 shows a typical form of data from a
validation study. The symbols *P”, “E” and “N” in
the Table mean ‘“Positive”, “Equivocal” and
“Negative” to be judged by In vivo test or the al-

Alternative | Positive

test

. - - — : e Trg_al e

g Positive | Negative
a C

i Negative b d

g a+b c+d

Table 2. A motivated example of a inter-laboratory validation study.

. , Laboratory

Cherical In vivo a b S r 5 :

A P P E E P

B P P N P E

C N P P p P
D P p E E p
E N P P P p
F N N p N N
G P P p P P
H N N E E E
| N N N N N

Symbols: P, positive; E, equivocal; N, negative
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ternative test. This data is from an actual validation
study conducted in Japan which has not been pub-
lished yet. In the study, nine chemicals were tested
by six laboratories. In order to meet an increasing
demand for assessing test chemicals, the laborato-
ries used the alternative test for as many chemicals
as possible. However, due to time and financial
constraints, all the laboratories did not experiment
applying the alternative test for all the chemicals.
In view of animal welfare, data from animal tests
is usually obtained from some published articles
and/or databases including data from past experi-
ments; animal tests are rarely conducted in valida-
tion studies. Therefore there is usually only one
result for each chemical. On the other hand, some
results for each chemical in an alternative test are
.obtained from the inter-laboratory study.

When the measures, sensitivity, specificity
and accuracy, are calculated, data, as in Table 2, is
summarized by a 2 by 2 table, in which a result
from a chemical in a laboratory for an alternative
test corresponds to a result from using the same
chemical in an animal test; total for four cells in
the 2 by 2 table is 36 as is the case in Tabie.
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Furthermore, in addition to the fact that the meas-
ures are a conditional proportion of a set of
chemicals, we also have to consider that these de-
pend on the number of laboratories conducting
inter-laboratory validation studies. However, when
data is summarized by a 2 by 2 table, as in Table 2,
distinguishing between the two factors, the set of
selected chemicals and the number of participant
laboratories is overlooked. Then the interpretation
of the value is difficult. For instance, the sensitivity
from a laboratory which has examined ten positive
chemicals is 100% when all the chemicals are

- judged positive. The sensitivity from the ten labo-
ratories which examined a positive chermical is also
100% when all laboratories judge positive for the
chemical. Should we regard both sensitivities as
the same? Some people often use only the values
of these measures from different validation studies
without taking into consideration these factors,
when they compare the alternatives.

The presence of an “Equivocal” category is
another difficulty involved in interpreting the
measures, Since these measures are based on the
assumption that the results of both tests are ex-
pressed as binary categories, often data for
“Equivocal” is artificially changed: these are
eliminated from the numerator; data for “Equivo-
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cal” is relabeled as “Positive” (e.g. Sugiyama et al.,
1994). The value of the measures depends on
which treatment is used.

Proposed methods

We propose similar measures to sensitivity, speci-
ficity and accuracy, which take into consideration
and deal with the previous two points.

Firstly, we consider the relationship between
two factors; chemical and laboratory. Since several
laboratories experiment using the alternative test
for a same chemical in the inter-laboratory valida-
tion study, data from the validation study has a
hierarchical structure between two factors. In the
proposed methods, the factor of chemical becomes
a basic unit.

Suppose Y, is a variable to explain the re-

sult from an alternative test, and - x; is a variable

to explain the result from an animal test, where
subscript i and j mean the i th chemical i=1, 2, ...,
n) and the j th laboratory (j = 1, 2, ..., my) respec-
tively. The variable y; take 1 for the “Positive”

result, 0 for the “Negative” and 0.5 for the
“Equivocal”, when the alternative test is experi-
mented for the i th chemical in the j th laboratory.

The variable x; is 1 for the “Positive” result of
the targeted animal test, and 0 for the “Negative”
result. We initially define p, as a proportion for

the number of positive results in the i th chemical
for the alternative test, that is -

=2 v/ m.
J

As shown the appendix A, we can calculate the
variance,V(pi), based on the assumption of tri-
nomial distribution.

Using p,, we also define g; as

g; =xipi+(1_xi)(l_pi)' @
Note that g, is a measure for the reliability of the

i th chemical. The alternative test shows good re-
liability when the value of g, is close to 1.

M

Finally, we define three measures which cor-
respond to sensitivity, specificity and accuracy,

using p, , and call these measures Psn, Psp and Pac,
respectively;

Psn=inpi/in

<)
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PSP=Z(1—x(X1—Pf)/IZ(1*xi),

- and

C)

Pac=Zqi/n=(2x,,pi+Z(1—-x,.)(1-p}.)]/n

: )
These measures are also consistent with sensitivity,
specificity and accuracy which are based upon the

number of tested chemicals, when each p, becomes
LorO.
Using V(p,-), we can also calculate the vari-

ance for the proposed measures, V(Psn), V(Psp)
and V(Pac) (Appendix B). Furthermore we can
construct the 95% confidence interval as follows;

Psni*l.%xJViPsn;,
PSpiI.QéXJVZPSpj, and

Paci1.96><1/ViPaci.

Note that the proposed measures only depend on
the set of chemicals in the validation study but not
on the factor of laboratory. '

Results
Table 3 displays a 2 by 2 table of the summarized
data of Table 2, in which “Equivocal” for the al-
ternative test is assigned to “Positive”. Based on
Table 3, sensitivity, specificity and accuracy be-
come 93.7% (15/16), 40.0% (8/20) and 63.9%
(23/36 ) respectively. When “Equivocal” is
eliminated from the numerator, sensitivity and ac-
curacy are 62.5%(10/16)and 50%(18/36) respec-
tively.
Table 4 shows Yy s

X,

", P> ¢, and

V(pi) corresponding to Table 2. According to

the table, the proposed measure, Psn, Psp and Pac
are obtained as 78.1% (3.38/4) . 47.5% (2.37/5)
and 61.1%(5.75/9) respectively. The 95% confi-
dence intervals of the proposed measures become

Table 3. The 2 by 2 table produced from Table 2.
P: “Positive”, E: “Equivocal”.

Animal test
Positive Negative
. | Positive 16 12
Alternative (P10, EB) | (PO, E:B3)
Test Negative 1 -8
16 20

Table 4. Scores for data in Table 2, and pj, gjand V(p}).

Vi
Chemical |, *7 (Laboratory) m; | p; g: | Vipp
(In vivo)
a b c d 8 f
A 1 1 05 1051 1 4 0.75 | 0.75 | 0.25
B 1 1 0 1 0.5 4 0.625 106251 0.688
C 0 1 1 1 1 4 i 0 0
D 1 1 0.5 0.5 1 4 0.75 | 0.75 | 0.25
E 0 1 1 1 1 4 1 0 0
F 0 0 1 0 0 4 0.25 | 0.75 | 0.75
G 1 1 1 1 1 4 1 1 0 -
H 0 0 | 05105105 4 0375106251 0.188
I 0 0 0 0 0 4 0 1 0
28
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24,7 to 100%, 9.5 to 85.5% and 31.2 to 91.1%,
respectively.

When we set 0.5 for “Equivocal” and calcu-
late the values of sensitivity, specificity and accu-
racy, these are consistent with Psn, Psp and Pac,
respectively. Though both measures are identical
when the number of laboratories doing experi-
ments for all the chemicals is the same, generally
these return different values.

Discussion ‘

There are several recommended statistical methods
for data analysis when alternative tests are assessed
(Festing, 2001). However, it is seldom that statis-
tical methods for the inter-laboratory validation
study have been developed. The proposed meas-
ures in this paper are for the inter-laboratory vali-
dation study.

Sensitivity, specificity and accuracy are .

commonly used in studies on diagnostic test stud-
ies in medicine (Altman, 1994). In these, the re-
sults of diagnostic tests between separate groups of
patients with and without a target disease are
summarized by a 2 by 2 table. One of the biggest
differences compared to the situation for evaluat-
mg an alternative test is that the researcher is able
to control the values of these measures by selecting
the set of chemicals for the validation study. Our
proposal measures also have the same feature.

This feature also affects the construction of
the confidence intervals. Though the way to con-
structing of the confidence intervals for these
measures is also well known (Altman, 2000b), it is
assumed that each observation is followed by an
independent and identical distribution. It would be
difficult to make the assumption that experimental
results from different chemicals have the same dis-
tribution because toxicity for chemicals selected in
a study is usually widespread. However, the pro-
posed measures solved the problem and we can
construct their confidence intervals.

The confidence interval is an index to show
the precision of measures, and usually it is affected

by the number of data. Thus, V(p,.) depends on

the number of laboratories on the i th chemical, m;;
V(Psn), V(Psp) and V(Pac) also depend on the
number of chemicals, n beside m;. Therefore, if a
validation study with a few laboratories is con-
ducted, the confidence intervals of the proposed
measures, Psn, Psp and Pac, may become wider.
Though this feature is a limitation of the proposed
measure, we could obtain more reliable estimates

if there are replications for a chemical in a labora-
tory.
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Appendix A
Suppose J;; is a score of the i th chemical in the j th laboratory, which takes 1 for “Positive”, 0 for

“Negative” and 0.5 for “Equivocal”; z}(N ), ri(E) and r,.(P) are frequencies for “Negative”, “Equivocal” and

“Positive” of the i th chemical; m; is the number of laboratories which experimented the i th chemical. We
assume that (?‘,(N) (5) (P)) follows a trinomial distribution with parameters, m;, _,?I(N) ?Z,.(E) and 72,'(P ),
(9,18, Dtrifn, 20, 28, ), (A1)

where n‘(N) + ﬂ(E )+ n‘(P) =1.

The sum of y; fortheith chemical can write use( W) ( ) ,.(P ) ) is

9

ij;}' =0><?;(N)+()‘5><7’,.(E)+1x7g(). (A2)
Therefore, the expected value of zj yylmis:
E‘Ziyi /m«-j= 0x M + 5% ) +1x 7 )

=5x7% +1x 7. (A3)
The variance is:
VEiy, [m, j

s-at) | aPheal), | Al

=0 x +.5% +1x
m; m; m,
_2x(0x SXM}“zx(.SX1Xﬁ"(E)(I_ﬂ‘i(P))) 2X[0x1x ()(1 ﬂ(P)))
" m, m
=(5) x w-7) , #0-#0)_#21-#0) (A4)
m; S m m;

Since we can’t know the values of x(N} ‘(E}* and 71'.(P) we need to estimate these values as 73".(N) ,
l i

fz,.(E) and 7r,( ). When the maximum likelihood method is used, the estimates are 7Z(N) = r( V) m;

fr,.(E) = r,(E )/ m; and ﬂi(P) = r,.(p )/ m,. Then, by applying the estimates to (A3) and (A4), the values of
p; and V( i} are:

p.=*5xn(51/m.+1x;;(P)/mi=ij,.j/m,., (AS)
V(p)==x1 o =) , 1o =7)_ron =17) (A6)
4 m; m; m;
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Appendix B

Since p, are independent for each other, using V( ,) the variances of Psn, Psp and Pac,
V(Psn), V(Psp) and V(Pac), are obtained as:

V(Psn)= V(Zi X, P; /Z; x,.)

=Zix,.2V(p,.)/@ix,.)z

SIALINIED (B1)
v(psn)=v(X 0-xX1-p )/ Y, 1-x))

—le)zV p,/(}:lx)2

=> 1-%y(p) /(Zi (1-x,) )?,and (B2)
V(Pac) = V(Zi Xp;+ Zi (1 - x,.)(l - pi)/n)

= {Zix,.V(p,.)+ > (- x,.)/(p,.)}/ n’

= Z:“,V(p,.)/n2 . (B3)

3]
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ABSTRACT — The unfolded protein response (UPR) events triggered by the accumulation of unfolded
protein in endoplasmic reticulum (ER) activate the three UPR signaling pathways mediated by IREI,
ATF6 and PERK. Spliced XBP1 mRNA induced by activated IRE] is translated to the protein, a potent
transcription factor that induces BiP expression. XBP1 is also induced by activated ATF6. It is thus
thought to be an important marker reflecting both IRE1 and ATF6 signaling in response to ER stress. For
quantitative measurement of XBP1 gene expression, it is important to distinguish between the spliced and
non-spliced form of XBP1 mRNA. We have developed a new method to detect the spliced XBP1 mRNA
by means of real-time PCR and we compared the result with measurements of the expression of the ER
stress inducible gene BiP. A good correlation was found between spliced XBP1 expression and BiP
expression. Thus, our method may be useful for simple and quantitative evaluation of ER stress.

KEY WORDS: Spliced XBP1, Quantitative measurement, THP-1, ER stress, BiP

INTRODUCTION

In eukaryotic cells, proteins translated from
mRNA must be correctly folded and assembled in the
endoplasmic reticulum (ER). If proteins are not folded
correctly, they accumulate in the ER, and this accumu-
lation of unfolded or misfolded proteins triggers the
unfolded protein response (UPR) (Sidrauski et al.,
1998). In mammalian cells, there are three UPR signal-
ing pathways, with three proteins (IRE1, ATF6 and
PERK) as their UPR transducers and one master regu-
lator (BiP) (Zhang and Kaufman, 2004). IRE!I (inosi-
tol-requiring enzyme 1) has two isoforms: IRElc and
IRE1B. IREI contains an N-terminal ER stress-sensing
domain in the ER lumen, an ER transmembrane
domain, and a serine/threonine kinase domain and a C-
terminal endoribonuclease domain in the cytosol (Mori
et al., 1993; Shamu and Walter, 1996; Welihinda and
Kaufman, 1996). Activating transcription factor 6
(ATF6) is a transcription factor with an N-terminal
basic leucine zipper (b-ZIP) domain in the cytosol and
a C-terminal ER luminal stress-sensing domain (Haze

et al., 1999). Protein kinase-like ER kinase (PERK)
consists of an ER luminal stress-sensing domain and a
cytosolic domain that phosphorylates the o subunit of
eukaryotic translation initiation factor 2 (eIF20) (Shi et
al., 1998; Harding et al., 1999; Liu et al., 2000). BiP
(GRP78: Glucose related protein 78) is a member of
the Hsp70 chaperone family that plays critical roles in
ER protein folding and quality control (Ellgaard and
Helenius, 2003; Gething, 1999; Shen ef al., 2002). In
unstressed cells, BiP binds to the lumenal domain (LD)
of IRE1, ATF6 and PERK. In response to accumulation
of unfolded and misfolded proteins in the ER, BiP is
released from these proteins. ATF6 is released from
BiP association, transported to the Golgi apparatus and
cleaved by S1P and S2P proteases to generated cytosol
domain of ATF6. The cytosolic fragment of ATF6
becomes functional as a transcription factor that binds
the cis-acting ER stress response element (ERSE), the
consensus site of which is CCAAT-N9-CCACG
(Yoshida et al., 1998). PERK and IRE! released from
BiP are dimerized and activated. Activated PERK
inhibits mRNA translation by phosphorylating elF20.
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Activated IRE1 acquires RNase activity to initiate
XBP1 (X-box DNA binding protein, UPR-specific b-
Z1P transcription factor) mRNA splicing. Spliced
XBPI mRNA is translated to a potent transcription fac-
tor that binds to ERSE and the unfolding protein
response element (UPRE), the consensus site of which
is TGACGTGG/A (Yoshida et al., 2001).

Recently, it has been suggested that ER stress
may be involved in the pathogenesis the neurodegener-
ative diseases, such as Alzheimer’s and Parkinson’s
diseases (Kudo et al., 2002; Ryu et al., 2002; Schroder
and Kaufman, 2005) and diabetes (Harding and Ron,
2002). Although expression of BiP protein, ATF6 acti-
vation, splicing of XBP1 mRNA and phosphorylation
of elF-1a are all potential biomarkers of ER stress,
some of them are difficult to measure quantitatively. In
this study, we have developed a new method to assay
spliced XBPl mRNA by using a real-time PCR sys-
tem, and we show that the results obtained with this
method correlate well with data for BiP.

MATERIALS AND METHODS

Chemicals

Dithiothreitol (DTT), tunicamycin (Tm) and
thapsigargin (TG) were purchased from Wako Pure
Chemicals (Osaka, Japan). Brefeldin A (BFA),
A23187 were purchased from Sigma-Aldrich Corpora-
tion (St. Louis, MI). Dimethyl sulfoxide (DMSO) was
purchased from Kanto Chemical (Tokyo, Japan).

Cell culture )

THP-1 cells were obtained from the American
Type Culture Collection (Rockville, MD). These cells
were maintained in RPMI 1640 medium (Invitrogen
life technologies, Carlsbad, CA) with 1% (v/v) antibi-
otic-antimycotic- (Invitrogen life technologies), 10%
FBS (v/v) (JRH Biosciences, Lenexa, KS) and 0.05
mM 2-mercaptoethanol (Invitrogen life technologies)
at 37°C in a 5% CO, incubator. Cells were maintained
to 0.1 — 0.5 x 10° cells/mL by passage.

Total RNA isolation

THP-1 cells were seeded at 1 x 10¢ cells/mL.
Cells treated with various chemicals for 2 hr were col-
lected by centrifugation (700 X g, 3 min, 4°C) and
resuspended in I mL of Isogen reagent (Nippon Gene,
Toyama, Japan), and total RNA was isolated as recom-
mended by the manufacturer. Total RNA concentration
and purity were determined by measuring ODsg¢y and
ODygo80 ratio, respectively, on a NanoDrop spectro-
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photometer (NanoDrop Technologies, Rockland, DE).

Primer sequences for semi-quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR)
and real-time PCR

The expression of spliced XBP! was measured
by means of two PCR procedures (methods 1 and 2).
Primer sequences for semi-quantitative RT-PCR and
real-time PCR were as follows: XBP1 mRNA (method
1), <sense primer> 5'- CCTTGTAGTTGAGAAC-
CAGG-3', <anti-sense primer> 5'-GGGCTTGG-
TATATATGTGG-3"; XBP!I mRNA (method 2), <sense
primer> 5'- GGTCTGCTGAGTCCGCAGCAGG -3',
<anti-sense primer> 5-GGGCTTGGTATATATGTGG-
3'; BiP mRNA, <sense primer> 5'- CGAGGAGGAG-
GACAAGAAGG -3', <anti-sense primer> 5'- CACCT-
TGAACGGCAAGAACT-3'; GAPDH mRNA, <sense
primer> 5-GAAGGTGAAGGTCGGAGTC-3' <anti-
sense primer> 5-GAAGATGGTGATGGGATTTC -3
For measurement of spliced XBP!l by method 2, we
used a sense primer designed to span the 26 base pair
(bp) intron, and thus to anneal only the spliced XBP1
mRNA.

Semi-quantitative RT-PCR

Total RNA samples were reverse-transcribed
with a GeneAmp RNA PCR kit (Applied Biosystems,
Foster City, CA). Briefly, | g of RNA was added toa
tube containing 5 mM MgCl,, 1 mM each of dNTP
(A, T,G,C), 50 mM KCl, 10 mM Tris-HCI (pH 8.3), 2.5
UM random hexamer, | U of RNase inhibitor, and 2.5
U of murine leukemia virus (MuLV) reverse tran-
scriptase. The mixture was incubated at 42°C for 60
min, heated to 95°C for 5 min, and placed on ice until
used for PCR. The double-stranded cDNA was synthe-
sized from single-stranded cDNA by PCR in a total
volume of 20 pL containing 7 pmol each of specific
sense and anti-sense primers, 1.5 mM MgCl,, 2.5 mM
each of ANTP (A, T, G, C), 50 mM KCI, 10 mM Tris-
HCI (pH 8.3), 0.5 units of AmpliTag DNA polymerase
(Applied Biosystems). For measurement of spliced
XBP1 mRNA in method 1, XBP1 double-stranded
c¢DNA was synthesized under the following thermal
cycling conditions: 94°C 5 min, 95°C 30 sec - 55°C 30
sec - 72°C 30 sec 2 cycles. Then, 7.5 U of restriction
enzyme Pstl (TaKaRa Bio, Shiga, Japan) was added to
the reaction mixture for 1 hour to digest the double-
stranded ¢cDNA of unspliced XBP1. The remaining
spliced XBP1 ¢cDNA was amplified by PCR (95°C 5
min, 95°C 30 sec - 55°C 30 sec - 72°C 30 sec 28
cycles, 72°C 7 min). For measurement of spliced
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XBP1 mRNA in method 2, the PCR conditions were
95°C 5 min, 95°C 30 sec - 60°C 30 sec - 72°C 30 sec
30 cycles, 72°C 7 min. GAPDH mRNA expression was
used as an internal control (measured under the same
PCR conditions as used for XBP1 mRNA, methods |
and 2). PCR products were analyzed by electrophore-
sis through 2.0% agarose gel, and their identity was
checked by DNA sequencing.

Cloning of spliced and unspliced XBP1 ¢cDNAs

Spliced and unspliced XBP1 cDNAs were ampli-
fied by semi-quantitative RT-PCR from total RNA in
non-treated THP-1 and DTT-treated THP-1. Each
amplified cDNA was analyzed by electrophoresis
through 2.0% agarose gel, recovered from the gel and
ligated into a pGEM®-T Easy vector (Promega Corpo-
ration, Madison, WI). The plasmid DNA from trans-
formed E. coli IM109 cells was prepared using a
QIAGEN® Plasmid Mini Kit (QIAGEN, K.K., Tokyo,
Japan) and checked by DNA sequencing. The DNA
concentration and purity were determined by measur-
ing ODygq and ODygq,280 ratio, respectively, on a
NanoDrop spectrophotometer (NanoDrop Technolo-
gies).

Real-Time PCR

Total RNA samples were subjected to reverse
transcriptase reaction by using a GeneAmp RNA PCR
kit (Applied Biosystems) according to the same
method as used for semi-quantitative RT-PCR analysis.
The expression levels of spliced XBP1 (method 1) and
BiP mRNA were measured by real-time PCR using
Platinum® SYBR® Green qPCR SuperMix UDG
(Invitrogen Life Technologies, Carlsbad, CA). For
measurement of spliced XBP1 in method 1, the dou-
ble-stranded ¢DNA was synthesized from single-
stranded ¢cDNA by PCR in a total volume of 25 uL
containing 10 pmol each of specific sense and anti-
sense primers, 12.5 WL of Platinum® SYBR® Green
gPCR SuperMix-UDG (2 x), and 0.5 uL of ROX Ref-
erence Dye. The PCR reaction was performed under
the following thermal cycling conditions: 95°C 5 min,
then 95°C 30 sec - 55°C 30 sec - 72°C 30 sec for 2
cycles. After treatment with Pstl for 1 hour as
described for semi-quantitative RT-PCR, the gene-spe-
cific PCR products were measured continuously with
an ABI PRISM 7900HT Sequence Detection System
(Applied Biosystems) and quantitated based on stan-
dard curves obtained for the gene-specific cDNA
cloned into pGEM®-T Easy vector (Promega Corpora-
tion). Data were adopted when the correlation coeffi-
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cient (r value) was more than 0.9. The PCR conditions
were 95°C 5 min, then 95°C 30 sec - 55°C 30 sec -
72°C 30 sec for 40 cycles. For measurements of BiP
mRNA with the real-time PCR system, gene-specific
PCR products formed directly from single-stranded
¢DNA were measured. The PCR conditions were 95°C
5 min, then 95°C 30 sec - 55°C 30 sec - 72°C 30 sec for
40 cycles. The quantity of specific mRNA was normal-
ized as a ratio to the amount of GAPDH mRNA. The
values of fold increase over the control were calculated
by use of the following formula: spliced XBP1 fold
increase (% of control) = (normalized spliced XBP1
expression of chemical-treated cells/ normalized
spliced XBP1 expression of vehicle control cells)
x 100, and BiP fold increase (% of control) = (normal-
ized BiP expression of chemical-treated cells/ normal-
ized BiP expression of vehicle control cells) x 100.

Statistical analysis

The statistical significance of differences in
spliced XBP1 and BiP mRNA expression between
non-treated cells and chemical-treated cells were ana-
lyzed using the paired Student’s ¢ test (Snedecor and
Cochran, 1989). The correlation coefficient (» value)
was determined in this paper by the use of Pearson’s
correlation statistics (Snedecor and Cochran, 1989).

RESULTS AND DISCUSSION

The accumulation of unfolded or misfolded pep-
tides activates three signaling pathways, mediated by
IRE1, ATF6 and PERK. These UPR events can be fol-
lowed by immunoblot analysis of ATF6 activation,
phosphorylation of elF2a by PERK, and UPR-induc-
ible proteins (such as BiP) and by RT-PCR analysis of
XBP1 mRNA splicing mediated by IRE! activation
and UPR-inducible gene products. Shang reported
quantitative methods for determination of these biom-
arkers based on immunoblotting, Northern blotting and
RT-PCR (Shang, 2005). However, it is difficult to apply
these methods to large numbers of samples. We can use
quantitative real-time PCR analysis as a quantitative,
simple and high-throughput assay, but it is difficult to
measure activation of IRE1, ATF6 and PERK by real-
time PCR analysis because the activations of these
gene products involve phosphorylation or processing
of protein, So we still require ER stress biomarkers that
can be measured simply and quantitatively. Recently,
the possibility has been suggested of widespread
involvement of ER stress in neurodegenerative dis-
eases, such as Alzheimer’s and Parkinson’s diseases
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(A)

AAAAAA Human XBP1 mRNA

i MuLV Reverse transcriplase
Specific primer Specific primer

Pyl site
.__+ ‘.__..
—————— GGGTCTGCTGAGTCCG CAGCACTCAGACTACGTGC‘ACCTETG CA%CAGGT ~———————  Singlesranded XBPI cDNA
(unspliced form)
or
GGGTCTGCTGAGTCCG CAGCAGGT ————  Single swanded XBP1 cDNA
(spliced form)
l Taq polymerase. PCR reaction (§-2 cycles)
st site
GGGTCTGCTGAGTCCG CAGCACTCAGACTACGTGCACCTLTG CAQCAGGT Double stranded XBP ] cDNA
T CCCAGACGACTCAGGC GTCGTGAGTCTGATGCACGTGGARBAC GTAGTCCA — (unspliced form)
or
GGGTCTGCTGAGTCCG CAGCAGGT

Double stranded XBPIcDNA
CCCAGACGACTCAGGC GTCGTCCA — (spliced fonn)

— T

Unspliced form XBP) cDNA is not amplified by Spliced form XBP1cDNA is amplified by PCR
PCR reaction because of s/l treatment reaction in spite of Pstltreatment

(B)

AAAAAA Human XBP1 mRNA

l MulV Reverse transcriplase

GGGTCTGCTGAGTCCG CAGCACTCAGACTACGTGCACCTCTG CAGCAGGT —————  Single swanded XBPI cDNA
(unspliced form)
or
GGGTCTGCTGAGTCCG CAGCAGGT ——————  Singlc sranded XBP) cDNA

(spliced form)
i Taq polymerase. PCR reaction

Specific primer

00?" notsmplificd b e stranded NBP1 cDNA
5"-GGTCTGCTGAGTCCG CAGCA i
""" CCCAGACGACTCAGGC GTCGTGAGTCTGATGCACGTGGAGAC GTCGTCCA ———— (unspliced form)
or
smplified Double stranded XBP1 cDNA
5.GGTCTGCTGAGTCCG CAGCAGG-3y — )
—TT  CCCAGACGACTCAGGC GTCGTCCA ——— (spliced form)

!

Spliced form XBPI cDNA is amplificd by PCR reaction

Fig. 1. The principle of spliced XBP1-specific RT-PCR ((A); method 1, (B); method 2). (A) Total RNA was reverse-
transcribed and double-stranded cDNA was synthesized by PCR using specific sense and anti-sense primers
for the XBP! gene. The reaction mixture was treated with Pss1, then subjected to PCR reaction. The double-
stranded cDNA derived from unspliced XBP1 mRNA was digested at the Psrl site, and so was not amplified by
the PCR reaction. However, the double-stranded cDNA derived from spliced XBP1 mRNA was not digested,
because of loss of the Psil site owing to the splicing in response to ER stress, and was amplified by PCR. (B)
Only the cDNA derived from spliced XBP1 mRNA was amplified by using a specific primer designed to span
the 26 bp intron. The underlined nucleotides indicate the 26 bp intron sequence that is spliced out in response
to ER stress. The sequence of XBP1 was taken from GeneBank (accession No. AB076383).
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(Kudo et al., 2002; Ryu et al., 2002; Schroder and
Kaufman, 2005) and diabetes (Harding and Ron,
2002). Consequently quantitative methods to measure
UPR events are needed for toxicological studies.
Among biomarkers of ER stress, XBP1 gene expres-
sion is regulated by activated ATF6 protein and XBP!
protein is derived from spliced XBPI mRNA. Further,
spliced XBP1 mRNA is regulated by activation of
IREl. XBPI protein derived from spliced XBPI
mRNA binds ERSE and UPRE as a potent transcrip-
tion factor. Therefore, we thought that it was more
important to measure expression of spliced XBP1 as a
biomarker that reflects the ATF6 signal and IRE] sig-
nal than other biomarkers of ER stress. Until now, the
measurement of spliced XBP1 expression has been
mainly performed by semi-quantitative methods, such
as agarose gel electrophoresis analysis after RT-PCR,
because the difference in length between unspliced and
spliced XBPI is only 26 nucleotides (Yoshida ef al.,
2001). In this study, we examined two methods (Fig. 1)
for quantitative measurement of the expression of
spliced XBP1 mRNA. As shown in Fig. 2 (A) (method .
2), we could detect spliced XBP1 mRNA induction in

(A)

total XBP1

spliced XBP1 (method 2)

GAPDH

(B)

control

spliced XBPl(method 1)

GAPDH

DTT- and Tm-treated THP-1 by using a specific primer
designed to span the 26 bp intron. We could detect aug-
mentation of spliced XBP1 more sensitively following
Pstl treatment of double-stranded XBP1 cDNA (Fig. 2
(B), method 1). We thought that this detection was
caused by Pstl treatment because we could not detect
augmentation of spliced XBP1 under the condition of
method 1 without Pstl treatment (Fig. 2 (A), total
XBPI). As shown in Fig, 1 (A), the key points of this
method are the synthesis of double-stranded cDNA and
digestion by the restriction enzyme Pstl. Many restric-
tion enzymeés such as Pstl and EcoRlI, can recognize
specific double-stranded DNA sequences, but not sin-
gle-stranded DNA. Although the recommended reac-
tion conditions for Pstl include 100 mM salt concen-
tration (Na* or K*) in the reaction buffer (TaKaRa Bio
on-line catalog), we used 50 mM K" in PCR in many
case. It is reported that the enzyme activity of Psi in
buffer containing 50 mM sodium ion (Na*) is 60% of
that in buffer containing 100 mM buffer Na*, but the
activity is higher in the presence of potassium ion (K*¥)
than Na* (TaKaRa Bio on-line catalog). Therefore, we
concluded that Ps# was able to digest double-stranded

DTT DMSO Tm

Fig. 2. Semi-quantitative RT-PCR analyses of spliced XBP1. (A) RT-PCR analyses of
total XBP! and spliced XBP1 mRNA were performed by using specific XBP!
primers (method 1 and method 2) without Psfl treatment. (B) RT-PCR analysis
of spliced XBP1 (method 1) after Pstl treatment was performed as described in

~ Materials and Methods. GAPDH mRNA expression was measured as an inter-
nal control under the same PCR conditions as used for XBPI mRNA (methods
1 and 2). THP-1 cells (I x 10° cells/mL) were exposed to dithiothreitol (DTT)
I mM, tunicamyein (Tm) 3 pg /mL, or DMSO (solvent control) 2000 pg /mL
for 2 h. RNA was extracted, reverse-transeribed, and amplified by PCR with
XBP1- and GAPDH-specific primers. PCR products were separated by electro-
phoresis on a 2.0% agarose gel.
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cDNA under the general PCR buffer conditions,

We next investigated whether this method
(method 1) could be applied to real-time PCR. We
compared the amounts of spliced XBP1 cDNA deter-
mined by real-time PCR analysis with those deter-
mined by spectrophotometric analysis (Fig. 3). There
was a linear correlation between the results of real-time
PCR analysis and spectrophotometric analysis, and
contaminating unspliced XBP ¢cDNA seemed to have
little influence. The divergence from the theoretical 1:1
correlation may be related to the differences in the
measurement techniques.

Furthermore, we evaluated spliced XBP1 expres-
sion in THP-1 cells treated with representative ER
stress agents, using a real-time PCR system. As shown
in Fig. 4, we quantitatively detected induction of
spliced XBP1 mRNA by ER stress agents, as well as
expression of BiP mRNA. Shang and Lehrman found
no correlation between the XBP1 splicing ratio and the
levels of target transcrips such as BiP and EDEM
(Shang and Lehrman, 2004). Here, we re-examined
correlation between BiP gene expression and spliced
XBP1 gene expression using the method developed in

this study. As shown in Fig. 5, we found a good corre-
lation between the expression levels of spliced XBPI
and BiP gene mRNAs in THP-1 cells treated with ER
stress agents (r = 0.72). We think that measurement of
these mRNAs using the same platform is one of the
reasons for the good correlation found here. In stressed
ER cells, spliced XBP1 mRNA generated by the
RNase activity of activated IRE1 is translated to a
potent transcription factor that binds to ERSE and
UPRE. Thus, our result is reasonable, because the pro-
moter region of the BiP gene contains an ERSE region.
Measuring the splicing ratio of XBP1 is expected to be
a good biomarker for ER stress because of the good
correlation with ATF6 (Shang and Lehrman, 2004).
From our data and previous observations, it seems to
be important to measure the level of spliced XBP!
mRNA to detect ER stress, as well as the splicing ratio
of XBPI mRNA.

Our method for measuring spliced XBP1 should
lead to new insight into the involvement of ER stress in
the pathogenesis of neurodegenerative diseases and
diabetes.
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Fig. 3.

Correlation between the amounts of spliced XBP! ¢DNA determined by real-

time PCR analysis and by spectr'opholometric analysis. Spliced and unspliced
XBPI ¢DNAs cloned into pGEM*-T Easy vector (Promega Corporation) were
used as lemplate DNA. Real-time PCR analysis of spliced XBP1 ¢cDNA was
performed by method 1. The amounts of template spliced XBP1 ¢DNA and
unspliced XBP1 cDNA were determined by measuring ODyg on a NanoDrop
spectrophotometer (NanoDropTechnologies). The amounts of unspliced XBP1
cDNA contaminated in spliced XBP1 template cDNA sample were 0 pg ( A),
25 pg (0) and 50 pg (H). Each value is the mean of two independent experi-
ments. The dotted line represents the theoretical 1:1 correlation.
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Fig.4. Real-time PCR analysis of mRNA expression of spliced XBP1 (method 1) and BiP in THP-1
cells treated with ER stress agents. THP-1 cells (1 x 10° cells/mL) were exposed to ER stress
agents for 2 hr. RNA was extracted, reverse-transcribed, and analyzed with the real-time PCR
system after synthesis of double-stranded cDNA followed by Psil treatment as described in
Materials and Methods. The increases (fold) of mRNA levels were determined and normalized
(Materials and Methods). Each value is the mean + S.D. of at least three independent experi-
ments. Asterisks indicate a significant (p< 0.05) difference between chemical-treated cells and
vehicle-treated cells.
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Tig. 5. Correlation between expression levels of spliced XBP1 and BiP mRNAs in THP-1
cells treated with ER stress agents. The increases (fold) of mRNA levels were deter-
mined and normalized as described in Materials and Methods. Each data point repre-
sents the result of a single experiment. The correlation coefficient ¢ value) was 0.72.
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Abstract

The aim of this study is to optimize the experimental conditions for an in vitro skin sensitization test using the human cell lines THP-1
and U-937. As regards pre-culturing time, the expression of CD86 on DNCB-treated THP-1 celis tended to be higher after 48 hand 72 h
pre-culture compared with other time points evaluated. Next, we investigated the effect of chemical treatment time, and found that induc-
tion of CD86 expression on THP-1 cells by DNCB reached a plateau after 24 h. Augmentation of CD86 expression is often observed
when cells are treated with a subtoxic dose of allergens. To determine the appropriate dose of test samples, the cytotoxicity of test sam-
ples to THP-1 and U-937 cells was assessed with MTT assay, and the 50% inhibitory concentration (I1C50) of each test sample was cal-
culated. Based on the cytotoxicity assay data, four concentrations in the range between toxic and non-toxic were selected (0.1x, 0.5%, 1x
and 2x IC50). Several kinds of antibodies were tested for staining THP-1 and U-937 cells treated with allergens/non-allergens (e.g.,
DNCB, Ni/SLS), and suitable antibodies for staining CD86 and CD54 were selected. We confirmed that the working dilutions of the
selected CD&6 and CD34 antibodies were appropriate for use in our method. The effect of an FcR blocking procedure was also evalu-
ated. The mean fluorescence intensity (MFI value) was decreased by the FcR blocking procedure, which indicated that non-specific stain-
ing was blocked. Therefore, this procedure should be included in the method. Based on our findings, the protocol for this assay was
optimized and the experimental conditions to be used in a future validation study were identified. We propose to call this kind of
in vitro skin sensitization test h-CLAT, which is short for human Cell Line Activation Test.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: CD86; CD54; Alternative methods; Cell line; In vitro skin sensitization; THP-1; U-937

Abbreviations: ATCC, American type culture collection; APC, antigen
presenting cell; BSA, bovine serum albumin; DCs, dendritic cells; DMSO,
dimethyl sulfoxide; DNCB, dinitrochlorobenzene; FBS, fetal bovine ser-
um; FeR, Fe receptor; 1C50, 50% inhibitory concentration; LCs, Langer-
hans cells; mAb, monoclonal antibody; MFI, mean fluorescence intensity;
MTT, methylthiazolydiphenyltetrazolium bromide; Ni, nickel sulfate he-

" xahydrate; PBMC, peripheral blood mononuclear cell: PI, propidium io-

1. Introduction

There have been a number of attempts to develop non-
animal alternative methods for skin sensitization testing
(De Silva et al.,, 1996). Examination of the phenotypic
and functional changes induced in antigen-presenting cells

dide; pPD, p-phenylenediamine; RFI, relaiive fluorescence intensity; SLS,
sodium lauryl sulfate.
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(APQC), including Langerhans cells (LCs), by test agents is
one of the most important approaches for developing
in vitro sensitization methods. However, it is difficult to
isolate LCs from skin. In recent years, the development
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of culture techniques to generate dendritic cells (DCs) from
human peripheral blood (PBMC-derived DC) has provided
a source of LC-like APCs. Therefore, PBMC-derived DCs
have been used for in vitro sensitization assays as profes-
sional antigen-presenting cells. These assays are based on
the phenotypic changes in DCs, such as increase of CD86
or CD54 expression (Aiba et al., 1997), IL-18 release (Hop-
per et al., 1995) and internalization of MHC class 11 mole-
cules (Becker et al.. 1997). However, obtaining DCs from
peripheral blood not only takes several days, but also
requires complicated procedures. Furthermore, the effects
of chemicals on the surface phenotype of DCs were depen-
dent on the source of peripheral blood, ie., they varied
from donor to donor (Aiba et al., 1997; Hulette et al.,
2002). Such drawbacks would hamper efforts to validate
such a method and limit its use as an alternative to animal
testing. In our previous study, we found that CD86 and/or
CD54 expression of THP-1 cells (monocytic leukemia cell
line) or U-937 (histiocytic lymphoma cell line) was
enhanced after a 24 h exposure to allergens, but not to
non-allergens (Ashikaga et al., 2002, 2003; Yoshida et al.,
2003). These cell lines are easy to culture and the cells
retain well various key in vivo characteristics, such as ester-
ase activity, lysozyme production and phagocytosis (Tsu-
chiya et al, 1980; Sundstrom and Nilsson, 1976). We
considered that such human cell lines could be used as
replacements for DCs in an in vitro skin sensitization test,
There have been some similar attempts using other cell
lines such as KG-1 (acute myelogenous leukemia cell line)
(Hulette et al., 2002) and XS52 (Langerhans-like murine
cell line) (Neisuis et al., 1999). However, a lot of work
remains to be done in order to make the cell line system
suitable for practical use as an alternative to animal tests,
* In this study, we examined various test conditions in order
to optimize the cell line activation test using THP-1 or U-
937 and thereby to develop a suitable protocol for use in a
future validation study.

2. Materials and methods
2.1. Cells and culture

Both THP-1 and U-937 cells were purchased from
American Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were cultured in RPMI 1640 medium
(Invitrogen Corp., Carlsbad, CA, USA) with 10% FBS
(v/v) (JRH Biosciences, Lenexa, KS, USA), 0.05mM 2-
mercaptoethanol and 1% antibiotic-antimycotic mixture
(Invitrogen Corp., Carlsbad, CA, USA).

2.2. MTT assay

The MTT assay was used to evaluate the cytotoxicity
of nine test chemicals. Dinitrochlorobenzene (DNCB),
p-phenylenediamine (pPD), 2-mercaptobenzothiazole (2-
MBT), nickel sulfate hexahydrate (Ni), cobalt sulfate
heptahydrate (Co), ammonium tetrachloroplatinate (Pt),

sodium lauryl sulfate (SLS), Tween 80 and dimethyl sulfox-
ide (DMSO) were purchased from Sigma-Aldrich. pPD,
Ni, Co, Pt, SLS, and Tween 80 were first solubilized in sal-
ine, while DNCB and 2-MBT were solubilized in DMSO.
Cells were seeded at 1x 10° cells/100 uL/well in a 96-well
plate and cultured with test chemicals for 24 h at various
concentrations. A 25ul aliquot of MTT solution
(1.67 mg/mL, dissolved in the medium) was applied to each
well. After reaction for 3 h at 37 °C, the absorbance at both
570 nm and 660 nm was measured. The 1C50 values of the
test chemicals were as follows: DNCB 5 pg/mL, pPD
90 pg/mL, 2-MBT 170 pg/mL, Ni 170 pg/mL, Co 130 pg/
mL, Pt 100 pg/mL, SLS 90 pg/mL, Tween 80 1800 pg/
mL; DMSO greater than 5000 pg/mL. From the IC50 val-
ues, four concentrations, i.e., 0.1x, 0.5%, 1x, and 2x IC50,
were selected as test doses, If a test chemical has deoxidiz-
ing activity, it will be necessary to wash the cells before
addition of MTT solution to avoid direct interaction of
the test chemical with MTT.

2.3. Pre-culture

Cells were seeded at 0.4 x 10° cells/mL and cultured for
24 h, 48h, 72h or 96 h in a cell culture flask. After the
incubation, cells were collected, and 1 x 10° cells/mL were

exposed to 1 ug/mL or 3 pg/mL DNCB for 24 h in fresh
medium.

2.4. Chemical treatment

Cells were seeded at 1x 10° cells/mL or 0.5 x 10° cells/
mL in a 24-well plate and cultured with chemicals for
8h, 12h, 24 h, 48 h or 72 h. When DMSO was used as a
solvent, its final concentration in culture media was less
than 0.2%.

2.5. Flow cytometric analysis and antibodies

Cell staining was done at 4 °C for 30 min, using several
kinds of commercially available monoclonal antibodies.
The following two were chiefly used: anti-human CD86
antibody from BD-PharMingen (clone Fun-1, San Diego,
CA, USA) and anti-human CD54 antibody from DAKOQO
(clone 6.5B35, Glostrup, Denmark). FITC labeled-mouse
1gGl was purchased from DAKO (clone DAK-GOI,
Glostrup, Denmark) and used as an isotype control. Chem-
ical-treated cells were washed twice with PBS containing
0.1% BSA. Then, cells were treated with 0.01% globulins,
Cohn fraction II, IIT (SIGMA-Aldrich) for 10 min on ice
to block FcR. The cells were washed once with PBS con-
taining 0.1% BSA, and the expression of cell surface anti-
gens was analyzed by flow cytometry. Dead cells were
gated out by staining with propidium iodide (PI,
0.625 pg/ml). Flow cytometric analysis was performed with
a FACSCalibur CellQuest. (Becton Dickinson, San Jose,
CA, USA)) at Kao or an EPICS XL-MCL System II,
(Beckman Coulter Co., Ltd. Fullerton, CA, USA) at Shise-
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ido. In total, 10,000 living cells were analyzed. When the
cell viability was less than 50%, the relative fluorescence
intensity (RFI) was not calculated, because of diffuse label-
ing of cytoplasmic structures as a result of cell membrane
destruction (Becker et al., 1994). RFI was used as an indi-
cator of CD86 and CD54 expression, and was calculated as
follows:

(3 pg/mL) treatment. DNCB at 1 pg/mL did not cause
any change of CD86 expression even after 72 .

3.3. Initial cell concentration

THP-1 cells were seeded at 1x10%cells/mL or
0.5% 10% cells/mL in 1 mL of medium in a 24-well plate

MFT of chemical-treated cells — MFI of chemical-treated isotype control cells

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

MFT = (geometric) mean fluorescence intensity.
3. Results
3.1. Effect of pre-culture time on CD86 expression

The effect of pre-culture time on the CD86 expression of
THP-1 cells was studied (Fig. 1). DNCB (3 pg/mL), used as
a positive control, enhanced CD86 expression two- to
three-fold over the control independently of the pre-culture
time. However, the expression of CD86 tended to be higher
at 48 h and 72 h pre-culture compared to other time points
evaluated, so 48 h or 72 h was considered a suitable pre-
culture time. No augmentation of CD86 expression was
observed with a lower concentration of DNCB (1 pg/mL).

3.2. Effect of chemical treatment time on CD86 expression

We investigated the optimum exposure time of cells to
allergens for maximum induction of CD86 expression.
After pre-culture, THP-1 cells seeded at 1x 106 cells/mL
were treated with 1 pg/mL or 3 pg/mL DNCB for 6h,
12 h, 24 h, 48 h or 72 h. As shown in Fig. 2, induction of
CD86 expression on THP-1 cells increased with treatment
time, reaching a plateau at 24 h in the case of DNCB
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Fig. 1. Effect of pre-culture time on CD86 expression. THP-1 cells were
seeded at 0.4 x 10° cells/mL and cultured for 24 h, 48 h, 72 h or 96 h. After
the incubation, cells were transferred to fresh medium, and exposed to
DNCB for 24 h, RFI values are mean values of two experiments,

and treated with two concentrations of DINCB or Ni (aller-
gens) or SLS (a non-allergen). After exposure to these
chemicals for 24h or 48 h, expression of CD86 and
CD54 on the surface of the THP-1 cells was measured
(Fig. 3). In some cases (arrowed in Fig. 3), I x 108 cells/
mL was better as an initial cell concentration. Indeed, in
the case of CD54 expression on cells treated with Ni for
24 h, augmentation was observed only at 1x 10°cells/
mL. In the case of U-937 cells, there seemed to be no dif-
ference between the results with 1x 10®cells/mL and
0.5 x 10® cells/mL (data not shown).

3.4. Dose setting based on the results of cytotoxicity test

We have previously observed augmentation of CD86
expression when cells were treated with a subtoxic dose
of allergens. Therefore, to determine appropriate test con-
centrations, the 50% inhibitory concentration (IC50) of
each test sample was calculated by means of MTT assay.
The survival rates at 0.1 x IC50, 0.5 < IC50 and 2 x IC50
were calculated from the growth inhibition curves of the
chemicals. As shown in Table 1, four concentrations (0.1x,
0.5%, 1x and 2x of the IC50) adequately covered the range
from toxic (under 50% cell viability) to non-toxic concen-
trations. Therefore, we chose these four concentrations
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Fig. 2. Effect of chemical treatment time on CD86 expression. THP-1 cells
were treated with DNCB for 6 h, 12h, 24 h, or 72 h. After exposure to
DNCB, expression of CD86 was measured. RFI values are mean values of
two experiments.
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Fig. 3. Initial number of cells seeded. THP-1 cells were seeded at 1 x 10° cells/mL or 0.5 x 10° cells/mL and treated with DNCB, Ni or SLS for 24 h or
48 h. CD86 and CD54 expression levels at the two initial cell concentrations were compared. The arrows in figure indicate large differences. RFI values are

means of two experiments. *; not determined.

Table 1
Dose setting based on the results of cytotoxicity testing

Calcuiated cell viability (%) THP-I (24 h/48 h)

U-937 (24 h/48 h)

0.1x MC50 0.5% 1C50 2 1C50 0.1x MC50 0.5% IC50 2x 1C50
>90 8/8 2/2 0/0 7/5 3/4 0/0
80-90 0/0 1/0 0/0 i 0/0 0/0
70-80 0/0 5/4 0/0 0/0 5/2 0/0
60-70 0/0 0/2 0/0 0/2 0/1 0/0
50-60 0/0 0/0 0/0 0/0 0/1 0/0
40-50 0/0 0/0 0/0 0/0 0/0 0/0
30-40 0/0 0/0 3/1 0/0 0/0 1/0
<30 0/0 0/0 5/7 0/0 0/0 7/8

Cytotoxicily of eight chemicals (except DMSO) was investigated by MTT assay and the values of 50% inhibitory concentration (IC50) were calculated.
The survival rate at 2x 1C50, 0.5x IC50 or 0.1x IC50 was calculated from the growth inhibition curves of these eight chemicals.

as application doses for evaluation of induction of CD86
and CD54 expression, The IC50 of DMSO was estimated
to be over 2500 pg/ml., which was the highest concentra-
tion under our test conditions.

3.5. Selectivity of antibody
The reactivity of various kinds of anti-CD86 and anti-

CD54 antibodies was examined. THP-1 cells were treated
with DNCB, Ni or pPD (allergens) or SLS (non-allergen)

€3

for 24 h, then were stained with each antibody at the rec-
ommended concentration. As shown in Fig. 4, antibody
D exhibited the highest reactivity for staining CD 86 in
the allergen-treated cells, among the antibodies we tested.
For staining CD54, antibody G showed the highest reactiv-
ity, except in the case of DNCB-treated cells. Based on
these findings, we chose antibody D (BD-PharMingen,
clone Fun-1) for CD§6 staining and antibody G (DAKO,

clone 6.5B5) for CDS54 staining in the following
experiments,
16
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Fig. 4. Antibody dependence. THP-1 cells were seeded at 1 x 10° cells/mL, treated with each chemical for 24 h, and stained with the antibodies. The RFI

values were calculated and compared.

3.6. Determination of the optimal amounts of antibodies

We tested whether the recommended dilutions of the
selected antibodies were suitable for this assay or not.
THP-1 cells were treated with DNCB (positive control
for CD86), pPD (positive control for CD54) or SLS (nega-
tive control for both CD86 and CDS54) for 24 h, then
stained with antibodies D and G at three concentrations
(3%, 1x and 1/3x recommended dilution). As shown in
Fig. 5, the results showed no significant dependence on
antibody dilution. This result suggested that the working
dilutions recommended in the data sheets of antibodies D
and G were appropriate for use in our assay. The recom-
mended dilutions were used in the following experiments.

3.7. Effect of FeR-blocking on cell-surface antigen
expression of THP-1

THP-1 cells were seeded at 1 x 10° cells/mL in a 24-well
plate and cultured for 24 h without any chemical treat-
ment. The cells were washed, then FcR-blocking was done
or not done, and the cells were stained with anti-CD86
antibodies (A, B or D) or anti-CD54 antibodies (E or G).
The results are shown in Fig. 6. For all antibodies exam-

THP-1 Antibody “D”

CD86

.

RFI (%)

DNCB(3ug/mL) SLS(26.5ug/mL)

Dose of antibody “D” ** @& 6uL /3x10° cells/50pL
O 2uL/3x105 cells/S0uL. B 20uL/3x108 cells/50uL

T 100
2| g
= EES)
5 = = 80
2l%%
| £2
g o =
z| g%
v ;(2 -~ . .
Antibodies B D E G
anti-CD86 anti-CD54

Fig. 6. Effect of FcR-blocking on measurement of THP-1 cell surface
antigens. THP-1 cells were cultured without chemicals. Before staining of
CD86 or CD54, cells were treated with or without 0.01% human globulins
to block non-specific binding. Then, cells of both groups were stained with
various antibodies. The ratio of MFI (FcR block+) and MFI (FcR—),
which is a measure of the specificity of the antibody, was calculated.

ined, especially A and E, FcR blocking was effective. Even
for antibodies D and G, the MFI value was decreased by
the FeR-blocking procedure, which indicates that non-spe-
cific staining was blocked by the procedure. Therefore,
FcR blocking is recommended prior to cell staining with
all antibodies, including D and G.
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Fig. 5. Determination of the optimal amount of antibodies for application DNCB or SLS-treated THP-1 cells were stained with both antibodies (D and
G} at various concentrations. *; recommended dilution (see methods). ##; volume of antibody/mumber of cells/total volume.
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