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The Japanese animal protection law was amended in 2005 to include the 3Rs principle in animal experiments. Ac-
cording to this new law, the Minisiry of Education, Culture, Sports, Science and Technology, the Ministry of Health,
Labor and Welfare, and the Ministry of Agriculture, Forestry and Fisheries developed announced several guidelines in
2006. These guidelines indicated responsibility of the president of each research institute conducting animal experiments
to meet obligating of the animal experiment committee (AEC) and the education to be provided to scientists. About half
a year after this notification, I conducted a survey on how these guidelines were put into practice in the pharmaceutical
colleges and universities. | received 29 answers from 24 institutes. It seemed that every institute was following, the guide-
lines, however, there were many institutes where the details were inadequate. For example, questions on the existence of
alternative methods and degree of distress and pain were not asked in some questionnaires sent to the AEC. Education
on proper conduct of animal experiments (3Rs, methods to evaluate and decrease distress and pain, and methods of eu-
thanasia) was not conducted in many institutes. Further improvement seems necessary.

Key words——animal experiment; alternative; japanese animal protection law; guideline, ethical committee
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Table 1. Sale of Experimental Animals (JSLAS, 2004)

Species Conventional Clean SPF Sum
Mouse 232589 1285337 4751033 6268959
Rat 43839 449854 2062193 2555886
Other rodents 48 7468 7516
Guinea-pig 11514 227718 66293 305525
Hamsters 4486 963 32744 38193
Rabbit 23015 69746 29300 122061
Dog 12689 70 0 12759
Cat 260 0 626 BB6
Monkeys 2248 0 0 2248
Pig 1228 130 0 1358
Goat 0 0 0 0
Sheep 35 0 0 35
Birds 5094 0 12199 17293
Total* 352467 2033893 6961860 9348220

* Include Suncus, ferret, amphibians, and fishs,
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Fig. 1. Agreement on Animal Experiments (Difference Caused by Explanation)

(Aldhous P. ef al., New Scientist, 22 May, 1999, pp. 26-31), Light blue column: Explained as ‘‘Scientists should be allowed to experiment on animals."" Blue
column: Explained as “*Some scientists are developing and testing new drugs to reduce paln or developing new treatments for life-threatening diseases... . by....",
Ordinate: Answer (%), Abscissa: STR. AGR.: strong agreement, MOD, AGR.: moderate agreement, NEITHER: neither, MOD. DISAGR: moderate disagree
ment, STR. DISAGR.: strong disagreement.
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Fig. 2. Response to Animal Experiments (Difference Caused by Animalspecies and Object of Research)
(Aldhous P. er al., New Scientist, 22 May, 1999, pp. 26-31}, Yellow column: mouse, Blue column: monkey, Ordinate: Rate of agreement (%), Abscissa: Ob
ject of research
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Fig. 3. Response to animal experiments (Difference by pain and illness)
(Aldhous P. et al., New Scientist, 22 May, 1999, pp. 26-31), Yellow green column: Research without pain and illness, Red column: Research with pain and ill
ness, Ordinate: Rate of agreement (%), Abscissa: Object of research.

—640—




No. §

wﬁmmﬂ%mﬁﬁtxuﬂﬁan.iﬁéhac
tt&@.ﬂ@fﬂﬁ&tvfué:t%%ﬁb
D& S OBMICEEITIHEL, RPN -k
) - RENICEYBHARETDASTRRSEL,
2. DHRBORKCHMT S
PAEICBLTHRERRICB L THHMEND
ngmﬁﬁ&ﬁwﬁéh.¥ﬁﬁ¢ﬁﬁmfﬁ&
ORBRUERICHTSER) (HEE OWE
TH B {CEEICM T 5 3R (Replacement,
Reduction, Refinement) @ FAIAGEIZHAAATN
f. ki, PEEISHE6AETIE, FOHMEE
A S, BEYE (BUMEEHR B8 E TEHR
W OEFTRCEEE S CEMOSMICHTLE
M), 2 CHREE (UBREaRG T BB TH
RS ICBT 2RSS OERIZMT &L
$H1).0 EAeymE (P4ESBERD  F5E 0601002
B (4 SEEOMET 5 RS 0ERICHT
LAY RUMHKES (MA7KES SR
TM MK IES OFTET H2IFERMIC BT 2B
BORMICIET2EAEH) S EREY OH
% WHOWMERIZODWLWTOEMRENZ. H
EEHLEn s b UHERICHT S MBS (B
R OBEAEMBIZMT A ESA 19 RS
N

IR OERIT—HRHEOBHETTIIRAIETSH
N, PEEMeks L TOMIENFARTHS, £
ZC, RRIESHCITEMEHMN (R okl
ErHgIcREINSE CLHBEESER ENE
(TS IC BT 2 ERSORBICIMT 4
*i58H)). Thbt, EEBRMOEILERMIIS
B ERSOEBIIMTIRENZKRELZSH
L, &gtz En ST o mBhEESOEIER
EHEODITRERBRARLS L, LEWDLSN
Tg, LELERSE ) HoSFERUER
BT SR (FEFD 48 AERRA 1058, LT (W
HBEERE L0 DEBRDHYOEELURE
WK EHOBERICMT 2L (CEK 18 RIS
R 88 BT MEMAEER £13,) W
AEFHSOEHEOMOMHERFICMT SiES
BOREEBEA, DHEESORBESOBHRKT
W E O A5 i TN B R O BRI R B
rEnEREAEETSIE, 2 WHRBERS
ORR. 3 BERIEORE 4 BHRBEE

737

OERBROEE, 5 BFIMSFOER 6 HD
SRERUEM o BYIRAETHERES
BT AMBAMET SIS, EEBSENTVS,
W ERE R ST EERMEOEORBIZ2Z, B
RBHEYAEHEUCRMASHEBSICESLTWS
MENOBREETY, TOMBLERBMORCH
HTHHOTHY, £/, DPEBHEOKMERST
20T, HERELHEZFILOEENTL
5, COEBRSIZ) WHESESICHML TEN/R
Hafd+a%, 2 #BRBHYCEL TEN ML
H95%, 3 FToMmEREBREA TS THMES
ha, 7= EhEBREMGHIMELTIE, #efsn
MEREREL, BiEiERT IO EREIE /s hthE
BEOHEORRSAFEO®EK, S/HOBERIZD
WTEETLHE LB, BUICHERERI N
BRI B THYERSEEBILLSEDS
hTwha,

3. ¥¥EeRUERSEMAMM(CET 2 0HRIE
AL

AAZEmEELSTIRENE D BMEREE SR
RiIzHEd 20 ICHEBIEHOMATER LT
L, EDEAHOMTOERVED AN, ZhicET
MR REAFRE» SHET S IR NE
(KEFHEHE 2007). 7 LinLBAIS, B¥ELTIIES
MEORBEER Tk MeoizHhERIZHMT 5
famatiEs LT, —, HHRRICHTIME S
BEEOEDSWHREA 1 ES1 A INTT
bhaoazs?, X4 EHERER) 0N
FLEHAL K31 >, No. 141, 1987 4 @ "K%¥/x
EizBiroamER" TR TF2 ) 2H0LiE#H
#8|HL TS, 1. Health Sci. O #HE TIZ2)
B EHS s Ll AmEEOEDSHhMmE
B A K5 OS5 TIHREE T Z 00
DEELIEHA B4 Y ER>TREEN DD
RO #EEESMTET. b, HYERXEIhS
DT EEFTPICHRLTSEZN] £Z2hTWS
DHTHD,

—F. PR 1T EOQFEREFSTHYEEGER
ERAY—RELEWRFISA FE - LE#ER
Tit, EEHBEEEOLN, UHERIZIDODLTO
HEoMmEBRERLTORBICIONT, WHIEIZE
BLEDICHL, EERKENSOREZEOFITE
EBEEEEENZL W, PIIIBHRBERAN

—641—




718 Vol. 128 (2008)
Table 2. Suvey on the Existence of Committee for Animal GIELIEWEDOEIZE®BSH /= (Table 2 : KFFHiE
i in 2004
_Baperiones & 2005) . SERE 6 412 kAT & N 7 SCHRHEE OB A
Institution Exist Notexist % (KB IZBITA2MMERIZDWT (LA ERSE
Bsdical sensl @ o 100 R EEL) 19 TI3BHKRE BS 0B
Pharmaceutical school * 4 2 67 g = c I
Agricultural school * | 0 100 }](&‘) bﬂrcb}f:. — tﬁ‘ -1 !ﬁ%%ﬁ@ Eﬁ?ﬁ‘ﬁ(f L-
CRO - 1 0 100 ZhiidEzshin, EBIFELTWSY, @
Research institute i 1 0 100 UNTHIEL TWahh, H3WEREIMERIZDOVT
Rl e e 1 . = DEENEFHREITHHATON TR LT

* Result of question to young sclentists presenting posters at the annual X7 A?@ ﬁf‘ 1t !Jﬂwﬁ‘! L EE l*ﬂﬁ?}‘f:’a ff%

meeting of The Japanese Pharmacological Society in 2004. ** Mutai ef a/

(2004) Iyakuhin Kenkyu 35, 196-201.

MEESH, BLNLOBYRBIEHIRENALZ
EM5, BERIIBITA2BMERNLEOL DS IZED

Table 3. Results of Survey on Animal Experiments in Pharmaceutical Schools

Maber of anzwers b
Masber of Institutes EL

1) Troe of Institwtes

Yo Munbar of anavess

State wniversity v n
with Madical Scheal ¥ n
with veterinary School ] E

Private University
with Madical Scheol 1 M
with seterinary Schaol L] M
Pharmscutical Collage T M

2} Fosition in the Pharmsceuticnl Schaal
Tas  Msbur of saswaty

students a ™

Ressarch sseistant 1 ™
Asesciate professor ] Y
Porfessar o »

1) Doss your echool conduct snimal experiments?
Tes  Bomber of anwvers
=

4) Approximste number of anisels used in o year
Hum

har of snsvers
[ 1iven1 1
Rat 610 w
ter T2 1
Rabblt €34 i
Doy 2 n
Homuy L n
Others 810 10

5} Do yeu conduct amiml experisemt?
Did you conduct snisal sxperiment recently?
Ton

Memiar of snswers
n w
) Do you know guidelics notified by the Ministry?
T Musbar of assvers
n L]
If you knows, Tes  Member of anevers
71 Do you have the guidelina? n »
#) Can you soces the guideline? 4 =
) Do you know the guideline Lesued by Japsness Sclence Council?
Tes Mambsat of snsvers
m =
If you knows, Tas Mugber of sazvers
10) Do you have the guideline? N ”
11} Can you acees the guideline? a i

nse
fo0. po
nmn
0. 08

o7

nu
an

ma
ma

12} Dees rour institute have Institutionsl guldeline an enisal wxperiments?
Yeas 5

Musbar of answers

= b e
If thare is,

Ten Fumbar of sawwsry %
13) Do you have the guideline Hu we
14) Can you scees the puldeline? M u ny
5} Is there Anima]l Experiment Comsittes in you institute?

Tes Masbar of snsvers i

™ ™ 1009
If thare ix,

Sum Musbar of ssewers Musbers/Comnlties
18) mmbar of cosmittes mesbery 58 ” L

masbers from cen (nstitute EEL] B L
17} Mamhara?
Sum Musber of sasvers NEBS U OAR
Gacaral public x L] Le
Vaterinarian 5 " oAz
Expart of anisal care® 1] 1] amn
Expart of aniss] srperimst® 1y 2 L5
Expart of sltarnatives 1 " (%]
Othars m [} LW
*! Othar thae vetsrinarian
1A} How often do the committes sesting held?
S Bmbur =f saseers  FE
Musmbar of tises ln & yoar L8 n L0 B

18] Mow oftem do you subeit spplicstion of sniss] experiment to the comittes?
Tos  Masbar of snawers %N
n

At esch purchass 2 o
At mnch planning w an "
Oece Ln & yeur n n L8
trice in & year 1 n “m
20) Duseriptions of applicstion fors
Tox Waser of anrwrs ®
Furposs of szperimenta n un Bt
Study dirsctor n n loed
Study practitioner n e oo
Animal species H E 1.0
Animal number - e oy
Altarnatives L ) L4
Pain u H e
Method to decrsmss pain 14 o il
Reazon not to decrease pain n ] m.e

21} Doar pour Institute sducate ethics oo snisal sxperisent?

Ter  Mamber of sarmrs  %°1
kLl o -4 L

If sducation ls conducted

27) Ts whom and how masy hours do you sducata?

Total hours Nusbar of answersaversas () terget of edueation (%)*2
(] M LR - ]

Students
Past graduste studests 4L E E Ly e
Research wtuffs 375 1" Li B5. 4
Others i3] L L L
29) Caliculum? o
Toa Wumber of wnavers W
Animal protectlion law L) ] L
Physiclogy of wapsrisental saimals Ir b LN
Mathods of mnimal eazw = M L]
s prineiples 1] B .3
Evalustion of pain 18 n "3
Methods to decreasm pain " o i
Method af euthanazia a o s
Alrernative sathods 18 ] BT
Othars 1 i @

34) Have your institute received inspesilion ve sniss] experisents by third party.
Teu Musher of asswars
-

3 [ B1}
If you have,
25) By whon the (nspectics was conductad? ol
L] Mmber of surverns %
Swff H 1 oer
Outaiders H 2 o

*1: caleusted on the mmber of {natitutes that candusted animel srperissats.

:2: calugulated on the total mumber of answer:
41 ealeulstad on the musbar of inspected institutes

» (28],
¢ caluculated on the number of institituss thet conducted sducation on snlm] sxperisests




No. §

STMZERASE0, Pl I19FED2-3 AICh T Te-
mail ICEB57 o r—rli#EZTo= TORRI
T 19 FEORELEQATOL VRIVLATREL
. UTREOHBRZRLEDOTHS,

T —hEBEDOHNZEN Table 3 ITEIE L EDHIC
mLE. Z2r—bFREEORATHLEFITMA
|2 4 e-mail TfTly, 29 A (BE#MH-> /LD A
i) S EEEEE. TORMRE Table 3 IZ7RT.

739

A, SERTSNTOSMESRERRI-SEENT
V-, BEOMIZ 610 ANBRLEN- 701, 16-20
ANEB30b 2ERH-~ 28, ZRAOMKIZEH
HEBOEMEHNPLTRALTOMMSIND ST
VB EZANEL, MEMCEMET LU
REEFOHEMFEERELTVD LA DPEN-
fo. =, BiMERBEITHIEIZ | GOS0 REEN
56.5% & HDTHED, UFEMNENETCOFRNTD

BMEBERLORBRRERLEZBOTSHS

Table 4.

NTwisbDEMESNS. —H, BOERET~

Classification of Pain and Distress Caused by Biomedical Experiments

Category A:

Experiments involving either no
living materials or use of plants,
bacteria, protozoa, or invertebrate
animal species.

Biochemical, botanical, bacteriological, microbiological, or invertebrate animal studies, tissue
cultures, studies on tissues obtained from autopsy or from slaughterhouse, studies on embryo-
nated eggs. Invertebrate animals have nervous systems and respond to noxious stimuli, and
therefore must also be treated humanely,

Category B:

Experiments on vertebrate animal
species that are expected to produce
little or no discomfort.

Mere holding of animals captive for experimental purposes; simple procedures such as injec-
tions of relatively harmless substances and blood sampling; physical examinations; experi-
ments on completely anesthetized animals which do not regain consciousness; food/water
deprivation for short periods (a few hours) ; standard methods of euthanasia that induce rapid
unconsciousness, such as anesthetic overdose or decapitation preceded by sedation or light
anesthesia.

Category C:

Experiments that involve some
minor stress or pain (short-duration
pain) to vertebrate animal species.

Exposure of blood vessels or implantation of chronic catheters with anesthesia; behavioral ex-
periments on awake animals that involve short-term stressful restraint; immunization em-
ploying Freund's adjuvant; noxious stimuli from which escape is possible; surgical procedures
under anesthesia that may result in some minor post-surgical discomfort. Category C proce-
dures incur additional concern in proportion to the degree and duration of unavoidable stress
or discomfort.

Category D:

Experiments that involve sig-
nificant but unavoidable stress or
pain to vertebrate animal species.

Deliberate induction of behavioral stress in order to test its effect; major surgical procedures
under anesthesia that result in significant post-operative discomfort; induction of an anatomi-
cal or physiological deficit that will result in pain or distress; application of noxious stimuli
from which escape is impossible; prolonged periods (up to several hours or more) of physical
restraint; maternal deprivation with substitution of punitive surrogates; induction of aggres-
sive behavior leading to self-mutilation or intra-species aggression; procedures that produce
pain in which anesthetics are not used, such as toxicity testing with death as an end point;
production of radiation sickness, certain injections, and stress and shock research that would
result in pain approaching the pain tolerance threshold, i.e. the point at which intense emo-
tional reactions occur. Category D experiments present an explicit responsibility on the investi-
gator to explore alternative designs to ensure that animal distress is minimized or eliminated.

Category E:

Procedures that involve inflicting
severe pain near, at, or above the
pain tolerance threshold of un-
anesthetized, conscious animals.

Use of muscle relaxants or paralytic drugs such as succinyl choline or other curariform drugs
used alone for surgical restraint without the use of anesthetics; severe burn or trauma infliction
on unanesthetized animals; attempls to induce psychotic-like behavior; killing by use of micro-
wave ovens designed for domestic kitchens or by strychnine; inescapably severe stress or termi-
nal stress. Category E experiments are considered highly questionable or unacceptable ir-
respective of the significance of anticipated results, Many of these procedures are specifically
prohibited in national policies and therefore may result in withdrawal of federal funds and/or
institutional USDA registration.

From guidance on the classification of pain and distress (2004) by The Japanese Association of Laboratory Animal Facilities of National Uniyersity Coopera-
tions (http://www,med.akita-u.ac.jp/ doubutu/kokudou/rinri/pain.pdf)
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Table 5. Methods of Euthanasia (US Assoc. Veterinarians)
Species Acceptable | Conditional acceptable
Barbiturates, inhalant
anesthetics, CO,, CO,
Cat potassium chloride in|N;, Ar,
conjunction with ge-
neral anesthesia.
Na, Ar, penetrating cap-
Dog Same as above. A P g. P
tive bolt, electrocution.
Non-human Barbiturat Inhalant  anesthetics,
ar rales,
primates CO,, CO, N;, Ar,
| Barbiturates, inhalant Ne A ical disl
| , Ar, cervical disloca-
| anesthetics, C0O,, CO, ‘1 :
y | 2 ... |tion (<1 kg), decapita-
Rabbit |potassium chloride in

Rodents and
other small
manmals

—

Ruminants

Swine

conjunction with ge-
| i
neral anesthesia.

tion, penetrating cap-
|tive bolt,

Barbiturates, inhalant

!anes:hetics. C0,, CO,
potassium chloride in
conjunction with ge-
neral anesthesia, mi-
|crowave irradiation.

Methoxyflurane, ether,
M., Ar, cervical dislo-
cation (rats <200g),
decapitation.

Barbiturates, inhalant
|anesthetics, potassium
chloride in conjunction
with general anesthe-
sia, penetrating captive
bolt.

Chloral hydrate (IV,
after sedation), gun-
shot, electrocution.

| Barbiturates, CO;, po-

tassium chloride in
conjunction with ge-
neral anesthesia, pene-

trating captive bolt.

Inhalant  anesthetics,
CO, chloral hydrate
(IV, after sedation),
gunshot, electrocution,
blow tothe head (<3
weeks of age) .

AVMA Guidelines on Buthanasia (2007).
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Abstract

The human Cell Line Activation Test (h-CLAT) is an in vitro skin sensitization method based on augmen-
tation of CD86 and CD54 expression in THP-1 cells (human monocytic leukemia cell line). In our previ-
ous Japanese inter-laboratory study, we reported that the transferability and reproducibility of the h-CLA1
is basically good. The aim of this study was to define the criteria for selecting appropriate THP-1 cells ir
the h-CLAT. In this study, new THP-1 cell lots were obtained from three cell banks: one in America
Europe and Japan. Using these three lots plus the cell lot we had previously used and obtained from ATCC
we investigated the CD86/CD54 expression following exposure to two allergens (DNCB and Ni) and one
non-allergen (SLS). Compared with the previous ATCC lot, two new lots showed similar results. Mean-
while, the third new lot showed distinctly different results in cell viability and CD86/CD54 augmentatior
induced by Ni compared to the other three lots. These results showed that the variability of cellular re.
sponses in the THP-1 cells depended on the cell source. In conducting the h-CLAT, it would be importan:
to select appropriate THP-1 cells to predict correctly the skin sensitization potential.

Key words: h-CLAT, skin sensitization, alternatives, THP-1, cell selection

Introduction eral cell based in vitro skin sensitization tests have

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

been developed (Ryan ef al., 2001; Basketter ef al.,
2005). As candidate cells, peripheral blood-derived
dendritic cells (Aiba et al., 1997; Coutant et al.,
1999; Tuschl et al., 2001; Hulette et al., 2002;
Staquet et al., 2004) and CD34" cord blood hema-
topoietic progenitor cells (De Smedt ef al., 2002;
Boisleve ef al., 2004) were used. Although using
these cells for identifying allergy potency in vitro
has indicated promising data, there are still some
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technical problems with the routine use of these
cells for in vitro skin sensitization tests. Problems
included difficulty in obtaining a sufficient number
of cells and variability among human donors (Aiba
et al., 1997; Rougier et al., 2000). In order to clar-
ify these problems, several groups have proposed
using other human cell lines; THP-1 cells, U937
cells (human histiocytic lymphoma cell line) and
MUTZ-3 (human monocytic cell line) (Ashikaga er
al., 2002; Yoshida er al., 2003; Ade ef al., 2006,
Azam et al., 2006). Previously, we have reported
the usefulness of the h-CLAT using THP-1 cells
(Ashikaga er al., 2006; Sakaguchi et al., 2006).
Moreover, our Japanese inter-laboratory study
found that the transferability and reproducibility of
the h-CLAT was basically good (Ashikaga et al.,
2007).

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

Materials and Methods

Collaborating laboratories

Laboratory A: Kao Safety Science Research Labo-
ratory. Laboratory B: Kanebo Cosmetics Products
Science Research Laboratory.

Cells and medium

A total of four THP-1 cell lots were evaluated. One
lot had been purchased from ATCC (Manassas, VA,
USA) and used in our previous Japanese in-
ter-laboratory study. This lot served as the refer-
ence lot in this study. Three new THP-1 cell lots
were obtained from three sources: American,
European, and Japanese cell banks. Cells were
cultured in RPMI 1640 (Invitrogen Corp., Carlsbad,
CA, USA) supplemented with 10% fetal bovine
serum (FBS; MP Biomedicals, Irvine, CA, USA,
lot#. 2688H), 0.05mM 2-mercaptoethanol and 1%
of antibiotic-antimycotic (Invitrogen Corp.).

Chemicals and applying doses
Dinitrochrolobenzene (DNCB) and nickel sulfate
(Ni) known as allergens and sodium lauryl sulfate
(SLS) known as a non-allergen were evaluated in
the h-CLAT. All chemicals were purchased from
SIGMA-ALDRICH (St. Louis, MO, USA). Ni and
SLS were first dissolved in saline, and DNCB was
dissolved in dimethyl sulfoxide (DMSO). The final
concentration of DMSO in culture media was less
than 0.2%. In order to determine the test doses,
each laboratory conducted a cytotoxicity test using
propidium iodide (PI). From the cytotoxicity test,
the dose for each chemical was set at the concen-
tration giving 75% cell viability (CV75). In addi-
tion, as a positive control in the h-CLAT, 5 pg/mL
of DNCB was evaluated.

Cytotoxicity test
THP-1 cells from each lot were cultured in 24-well

plates (1.0x106 cells/l mL/well) with various con-
centrations of chemicals for 24 h. Cells were
washed twice, and then stained with 0.625ug/mL

14

1.2

10

08

06

04

0.2

Cell number ( x 10° cells/mL)

0.0
ATCC X
Figurel

1

Y 4

Cell number of each THP-1 cell lot after 72h culture
Each laboratory evaluated the proliferation of each THP-1 cell lot once a week during

two months (at week 3-9 cultures).

Data are expressed as mean £ SD (n=7).
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PL. Cell viability was measured by using flow
cytometry. Total events for living cell counting
were 10,000.

h-CLAT procedure

THP-1 cells from each lot were plated at 1.0 x 10°
cells/fmL and treated for 24 h with media or each
chemical. After treatment, Fc receptor blocking
procedure was conducted: 0.01% of Globlins Cohn
fraction 11, I1I (SIGMA-ALDRICH) was added to
THP-1 cells for 10 min on 4°C. Next, cell staining
was performed using the following FITC-conju-
gated monoclonal antibodies (mAbs): anti-human
CD54 (clone; 6.5B5) from DAKO (Glostrup,
Denmark), anti-human CD86 (clone; Fun-1) from
BD-PharMingen (San Diego, CA, USA) and FITC
labeled-mouse IgGl (clone; DAK-GO1) from
DAKO. Using the manufacturer’s recommended
dilutions, cells were incubated with the above
mAbs at 6po3x10 cellslSO,l.LL for the anti-human
CD86 mAb and 3[.1L!‘3x10 cells/50 pL. for the
anti-human CD354 mAb. Also, FITC labeled-mouse
IgG1 was used as an isotype control at a dilution of
3pu3x10 cells/50 pL. Cells were incubated with
these mAbs for 30 min at 4°C. After washing and
resuspending with PBS (-) supplemented with
0.1% bovine serum albumin (BSA), the
fluorescence intensities of the THP-1 cell surface
markers were analyzed by flow cytometry (FACS
Calibur Cell Quest, Becton Dickinson, San Jose,
CA, USA). A solution of 0.625nug/mL PI was used
to gate out dead cells. A total of 10,000 living cells
were analyzed.

Data analysis

The relative fluorescence intensity (RFI) was used
as an indicator of CD86/ CD54 expression and was
calculated by the following formula:

MFI of MFI of
chemical- chemical-
treated cells - treated Isof
control cells
RFI (%)= * 100
MFI of MFI of
vehicle vehicle
control cells - Isotype
) confrol cells

MFI = (Geometric) Mean fluorescence intensity

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

57

positive response following exposure to a chemical.
When the cell viability was less than 50% in even
one experiment, the data at that concentration was
excluded from the analysis of the data. The reason
is that the diffuse labeling cytoplasmic structures
that occur due to cell membrane destruction will
interfere with fluorescent measurements (Becker ef
al., 1994). Also, data were not included in the
analysis when the cell viability with DNCB at
CV75 was not within a range of 60-90%.

Statistical analysis

The Student’s #-test was used to analyze data for
significant differences. The value was regarded as
significant at p<0.01.

Results

Proliferation of THP-1 cells

A total of four THP-1 cell lots were cultured dur-
ing two months by both labs. Each lab evaluated
the proliferation of each THP-1 cell lot once a
week during the two months (at week 3 through
week 9 cultures). After culturing for 72h, the cell
number of each THP-1 cell lot in each lab is shown
in Figure 1. P values were calculated by Student’s
r-test in order to evaluate a statistical significance
between the “ATCC” lot and the each new lot.
There were no significant differences in cell num-
ber after 72h culture in both laboratories (Table 1).

Cell viability of THP-1 cells treated for

24h with culture media
The cell viability of each THP-1 cell lot treated for
24h with culture media is shown in Table 2. The

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

P value
THP-1 cell lot
Lab. A Lab. B
ATCC - -
X 0.63 0.31
Y 0.68 0.51
Z 0.42 0.10

P values were calculated by Student’s t-test in
order to evaluate a statistical significance be-
tween the “ATCC" lot, served s the reference
lot in this study, and the each new lot.
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data represent the average * standard deviation
(SD) of seven independent experiments for each
laboratory. The two laboratories had almost similar
results. Compared to the older “ATCC" lot, which
we used in the previous ring study, the new lots,
“X” and “Y”, showed similar cell viability (ap-
proximately 96%) and a low SD value. In contrast,
lot “Z” had significantly lower cell viability, which
was approximately 85% in both laboratories.

CD86 and CD54 expression induced by chemi-
cal treatment

The CV75 (estimated concentration giving 75%
cell viability) of each chemical calculated in week
3 for each laboratory is shown in Table 3. Using
the THP-1 cells at 3rd week, we examined CD86
and CD54 expression induced by chemical treat-

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

THP-1 call lot Cell viability (%)
Lab. A Lab. B
ATCC 978+ 0.5 964 £ 0.9
X 97605 957+ 14
Y 976 £ 0.7 95309
Z 85.1 £ 3.2 B854 £ 3.5

Data are expressed as mean + SD (n=7).

Statistical significance compared to the reference
lot “ATCC" was calculated by Student’s t-test
(*p=<0.01).

DNCB CV75

(a) DNCB 5.0 yg/mL

ment. The calculated RFI values for CD86 and
CD354 expression following DNCB, Ni, and SLS
exposure for 24h are shown in Figure 2. The two
laboratories had almost similar results in
CD86/CD54 expression.

For lot “ATCC", DNCB at 5.0 pg/mL and Ni
at CV75 enhanced both CD86 and CD54 expres-
sion over the positive criterion (RFI value of 150
and 200, respectively). SLS did not induce the
augmentation of either CD86 or CD54 expression.
As previously observed in the inter-laboratory
study, lot “ATCC" could correctly evaluate the
skin sensitization potential of DNCB, Ni, and SLS.
For DNCB at CV75, the cell viability was 4% for
laboratory A and 56% for laboratory B (below 60%
in both laboratories), so the data could not be cal-
culated. The cell viability was re-evaluated using
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Figure 2
CD86/CD54 expression induced by DNCB, Ni, and SLS
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After 3 weeks culture, each THP-1 cell lot was treated with DNCB 5.0 ug/mL, DNCB at CV75, Ni at CV75 and SLS at

CV7s.
marker expression for CD86 (a) and CD54 (b) are shown,

The CV75 values of each test chemical in each laboratory are shown in Table 3.
For DNCB at CV75, cell viability was below 60% for lot

The augmentation of surface

“ATCC" and “Y", which resulted in not being able to calculate the augmentation for CD86/CD54 expression.
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4-week-cultures. Results of the re-evaluation can
be found below.

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

Table 3
CV75 values (pg/mL) for DNCB, Ni, and SLS
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Re-evaluation of CD86 and CD54 expression
induced by DNCB at CV75
As mentioned earlier, the cell viability for lot Y™
as well as lot *ATCC” with DNCB at CV75 was
below 60% in both laboratories. Seeing this dis-
crepancy, we conducted the cytotoxicity test again
using THP-1 cells at 4th week. For these two lots,
the re-evaluated CV75 of DNCB is shown in Table
4. For lot “Y” in laboratory A, the re-evaluated
CV75 was higher than that calculated in week
3 cells. A value of 6.90 pg/mL was calculated as
the CV75 in week 3 cells and this concentration
had a cell viability less than 60%. So the higher
concentration (7.83pug/mL) obtained in the
re-evaluation was estimated to be more cytotoxic.

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

DINGCB CV75 (ug/ml) NI V75 (pg/mL) 5.5 OV75 (ng/mL)
THP-1cell ot common V7S wed Cormmon CV7S ued Comman CV7S user .

amnoed b, A Lab.B GeeORRe 1ab.A b8 QTGS A LabB

ATCC 50 8.08 SE6 150 272 145 0.0 67.5 S8

X Nok dorne 481 422 Mot done 207 121 Mot done 644 340

Y Mot done 6.90 7.53 Mot done 170 113 Mot dore &0B7 473

2 MNot done 289 268 Mot done 118 848 Mot done aP—5 405

Table 4

Re-evaluation of CV75 values (pg/mL) for DNCB

Using the THP-1 cell lot “ATCC” and “Y" after 4 weeks culture, we re-examined
CV75 values for both laboratories. The calculated CV75 values in both week 3 and
week 4 are shown for each laboratory.

(a) Lab. A
THP-1 cell lot cv7s CDB6 CcD54 Cell viability
__(ug/ml) RFI (%) _RFI (%) (%)
ATCC 6.72 257 425 75.4
Y 6,90 125 217 61.7
b
®) Lab. B
THP-1 cell lot V75 CD86 CD54 Cell viability
(ug/mL) RFI (%) RFI (%) (%)
ATCC 420 209 426 628
Y 4.56 243 379 711
Table 5

Re-evaluation of CD86/CD54 expression induced by DNCB at CV75

The THP-1 cell lot “ATCC” and lot “Y™ after 4 weeks culture were treated with CV75 value for
DNCB determined in week 4, except for the lot “Y™ in laboratory A. For laboratory A, lot “Y™ was
treated with DNCB at CV75 determined in week 3. The RFI values indicative of CD86 and CD54
expression and the cell viability obtained by each lab are shown,

THP-1 cell lot SaLA i
Week 3 Week 4 Week 3 Week 4
ATCC 8.08 6.72 5.66 4.20
Y 6.90 7.83 7.53 4.56
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Therefore, for lot “Y”, the previous CV75
(6.90pg/mL) determined in week 3 in laboratory A
was used for re-testing while the CV75 calculated
in week 4 was used for lot “Y" by laboratory B.
Except for lot “Y” in laboratory A, the CV75 cal-
culated in week 4 cells was used for re-evaluation.
The re-evaluated RF1 values for CD86 and CD54
expression following DNCB at CV75 exposure are
shown in Table 5. DNCB at CV75 augmented both
CD86 and CD54 expression over the positive cri-
terion except for lot “Y” in laboratory A. For lot
“Y™, DNCB at CV75 enhances only CD54 expres-
sion over the positive criterion.

Discussion

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

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

The previously used THP-1 cell lot (ATCC)
and two lots (X and Y) of THP-1 cells from two
cell banks showed more than 95% cell viability
when cells were treated for 24h with culture media.
On the other hand, the cell viability was lower
(below 86%) for the remaining one lot (Z). The
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cell viability value for lot “Z” is close to the range
(85% - 90%) reported by Python et al (2007) for
their negative control in their test using U937 cells.
As cells to be used in a cell based in vitro skin sen-
sitization test, the cell viability of lot “Z™ was not
too low. However, Miyazawa er al (2008a)
showed that the cell viability of non-treated THP-1
cells (media only) was over 95%. We have even
evaluated more than 10 lots of THP-1 cells from
ATCC and all lots showed more than 95% cell vi-
ability (data not shown). Based on these data, cell
viability of lot “Z" was evidently low. If
non-treated cells showed a low cell viability, we
considered the possibility of getting unexpected
skin sensitization results if used in the h-CLAT.

In fact, lot “Z” with a low cell viability had a
different response in the h-CLAT following treat-
ment with Ni. Lot “Z" was the only lot that did not
augment CD86/CD354 expression over the set cri-
teria for the h-CLAT compared to the other lots
tested. When we compared the four THP-1 cell lots
including the reference lot (ATCC) following
treatment with Ni at each CV75 dose, cell viability
was similar among all four lots with a viability
range of 65% to 85%. The result is in line with
Sakaguchi er al (2006). Sakaguchi er al (2006)
showed that THP-1 cells treated with Ni in the
h-CLAT augmented CD86 and CD54 expression in
the cell viability range of 53% to 97% for CD86
expression and 53% to 90% for CD54.

Judging from the cell viability caused by Ni
treatment in this study, the exposure procedure for
all lots, including lot “Z", was considered to be
properly conducted for CD86/CD54 augmentation.
Therefore, the unresponsiveness to Ni of
CD86/CD54 on THP-1 cells from lot “Z™ might be
due to differences specific to lot “Z". Even though
cells can be established as a cell line, some unex-
pected circumstances (e.g., contamination of other
cells, mix-up of cells) have occurred (Reid et al.,
1995 and Lacroix et al., 2008) that have caused
problems for the investigators. From the unex-
pected troubles, one possibility is that the cell line
has undergone a mutation. In fact, the cell bank
disclosed to us that the newly obtained THP-1 cell
lot “Z”, which had distinctly different results in the
h-CLAT, is different from the ATCC lot in terms of
DNA pattern sequence (personal communication).
Although the THP-1 cell lot “Z" did not induce
CD86/CD54 augmentation following Ni treatment,
DNCB at 5 pg/mL induced both CD86 and CD54
augmentation. Aiba ef a/ (2003) showed that
DNCB and NiCl; stimulate different signal trans-
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duction pathways in monocyte-derived dendritic
cells. Miyazawa ef al (2008b) also showed that
different signaling pathways regulated the THP-1
cell activation induced by DNCB and NiSO..
Therefore, both DNCB and Ni can be used to es-
tablish whether THP-1 cells are functional: both
DNCB and Ni result in stimulation of at least two
signal transduction pathways and lead to the
CDB86/CD54 augmentation.

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

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

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