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Experimental Cedar pollinosis

Introduction

Human allergy to Japanese cedar (Cryptomeria
japonica) pollen was first reporred in 1964 [l]. In
Japan, Japanese cedar contributes the most important
group of pollens carsi'g aller-eies because of its
abundant pollination and widespread distribution,
and recently the number of patients suffering from
allergies is remarkably increasing. The symptoms of
pollinosis are snivelling, sneezin-s, eye mucus, and/or
tears resulting from inflammation of mucous mem-
branes of nostrils andlor eyes.

Approach to the experimental study of human pol_
linosis in order to establish medical treatment has led
to a continuing search for an animal model, such as
mouse or guinea pig [2, 31. Horvever, it is suspected
that the entire mechanism of histamine release from
basophils or mast cells and the characteristics of IgE
antibody of these animals are nor similar to those of
humans.

In 1987, Yokota et al. [4] reponed naturally occur_
ring pollinosis in wild Japanese monkeys that had
symptoms similar to human pollinosis. Generally,
monkeys have been used for cellular, pharmacologic,
and immunologic studies to minimize concerns about
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interspecies variatr i l i i , , ,  ' l 'hr:  
use of primates for a

model of immediat,. ." ' , :  ,) : , , .  Ìs( ' .Jrsit ivi ty in man has been
reported for a long { iirr .fr,., in the transfer of human
reaginic sera to monkr:ys [5, 6] and experimental
asthma by Ascari"^ ì ,r í ì  .  i ion [7].  Horvever, there are
few reports about o)(])( ' i  i rr ,r  ntal pol l inosis of primates
t8t.

The present paper derrronstrates exper imental ly in-
duced cedar pol l inos^is i i r  r r ionkeys.

Materials and MqrÉliod

Animals
Two male Macaca mula:to nronkeys weighing 5.7 and 6.1 kg

and 2 female monkeys .r,c. i l ' i , : i , r ,  4.0 and 4.0 kg were purchased
from Japan Clea. Thes(: rr; i ; ìr l ,  í  \ , : ì  \ \ ,ere individual ly kept in stain-
less steel cages (58 x 66 x i;r, t :rr) lrlaced within an air-conditioned
room at room temperaturc. (?ú. J 2"C),55 + 5% relat ive humidity,
control led i l luminatiou ( l i i ' . i r i  ,rr  í ì .orn 05.00 to 19.00 h), and fed a
commercial diet (PS; Orieniiiì Ye.ast) and tap warer ad libitum.

Antigen
Preparation of antigen r,,,:rs pe.r'for.rned according to the methods

of Yasueda et al.  [9].  Brief15,, l trc ì ,ol len was defatted with ether and
ext racted in  20 vo l  o f  0 .121j  } ' { , r r r r r r ron ium b icarbonate (pH 8.0)  a t
20'C for 48 h. After ex(i";r i : tr(r; ; ,  I l t r :  supernatant was obtained by
centr i fugation. Sol id amnrorr iurrr sulfate was added to the superna-
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Abstract' In orderto develop an experimental model for human cedar pollinosis,4 rhesus monkey s (Macaca
mulat-ta) were subcutaneously immunized with crude cedar pollen antigen, v,,hic,li contained 1.0 pg or l0 pgproteìn with aluminium hydroxide gel, six times every month. All 4 animals sLowtd immediate-îype cutaneous
reactivity' Serum IgE antibody responses against the pollen antigen, as qu:rìrf;i.f(:d by the prausnitz-Kústner
reaction' were seen in 3 ci4 monkeys. Radioallergosoibent test scores incrcirs;r'rr in 2. rnonkeys and remained athigher levels rhroughour. rhe study#jlglqry_Lglgasg from leqkocytes w ,qnrr.ng!:r In conjunc_
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tests, they showà_clinical lgnJ*in- m 
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ill11M*- 
I nrs reaction is.sìmilar to that observed in humans and suggests this ar.rinraI model might be useful in
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tant lo 80o/o saturation. Afler stirring at 4"C overnight, the precipi- Ilistonrine ReleaseJiom Mixed Leukocytes
tate \ùas oblained by cenlr i f !8ation, dialyzed in 0.05 M Tris-HCl The I 'Lr)rpd leukocylcs (1.0x 10" cel ls) in 0.45 ml were trans-
(pH 7'8) '  and passed through a DEAE-cel lulose column. The frac- ferred in'ro a polypropylene tube. After incubation for l0 min at
t ion $hich contained protein (30lo) and other material-s, minty po- 17"c, st imulal ion was performed by adding 0.05 ml ofantigen ( l ì-
lysaccharidelyas uspd in'thirÉÈe,rim1nt. -- nal concentration I pglml) at l7'c for 45 min. The release proccss

r,,,muniz(',íon ffi'ó'r?Ti:Ì.':î:Ì;T,ffi:"#"'tr":"ii"lff::X[:1:
-- 

The antigens containing I or l0 pg protein were mixed wirh stored at -20.C unti lassay.
50 mg aluminium hydro\ide gel. The animals were anesthetized
with ketamine chforide (Sankyo; l0 mg./kg i .m.)àOne male (No. l6) Measurcmenî oI Histamine
and l_ female (No. 19) monkey were subcutaneously immunized Histamine in the supernatant was mcasured with a commercial
with the antigen at I Fg prolein,/body in the dorsal part ofthe body, radioimmuooassay kit (lmmunolech). The total histamine content
and anorher male (No. l7) and a female (No. 20) monkey at l0 pg was deterrFi!..r1 by tysing cells with perchloric acid (final conccn-
protein/body These animals were boosted every month and rel trat ion;, j ' .  t l re results arc expressed as the percentage ofthe to-
ceived a total of six injcclions. Blood was collected from the saphe- tal histair,:,. . : ,ricÉse with correction for spontaneous release.
nous lein every 7 days following each booste. injection, and s;pa-
rated serum was stored at -20'C untilused. Mea.,: . .. " jt of Antipollen IgG Aitíbody

cutaneous Reactivity ,.if.::'Jl""i'::**;'8.[1"iff::;.:ì".."i:,i:::T:,.*;
- 

The animals we.e anesîhetized by intramuscular injection of described [!2j. The sequence ofthe addition of.eagents to the wclls
lt:l"tii" :ll?tl* 

(8-15 n€lkg body weight) and intradermally was as folÌ r;,rs: pollen antigen (l pglwell), test serum (dilution
InJecrco wlln u.Oz ml ol anrigen into sites in the arm. Afrer 15 min, I :200), er,. , 1...11n1"d goat antimonkey IgG antibody, and sub_
the diameters of erylhema wheal at the sensitized sites were mea- strate.lL:,. i.,ipollen IgC antibod)- activity was recorded as thc ab-
surcd- 

sorbance v;.:ees and expressed as units converted with pooled

Prausnítz-Kústnet Reactions ;fitl}î. 
**- obtained from monkey No' 19' arbit'ary value

Sera werc collected from the saphenous veins of immunized
monkeys. Thc tests were carried out olt normal monkey which had Coúiun4íyal prcvocotíon Test
negative skin reactions to cedar pollen antigen. The normal mon- The r,: ::.:ys were restrained in monkey chairs. Antigen solu-
key was anesthetized by an intramuscular injection of ketamine tion or saline was dropped into their ey€s, and immediately they
chlo.idc (20 mg,/kg body \reight).0.1 ml ofscrial t\rofold dilutions were returlleJ to their cages. Clinical signs wetc recorded for
of va.ious sera was injecred intrade.mally into sites in the arms. 30 min bt , i..oiape recorder to avoid stress. Counts ofcye-scratch-
Fony-eight hours later, the monkeys were intradermally irjccted ing were peiiinned 5_30 min after provocation, excluding nonspe-
with antigen into the sensirized sites. Diameters at the sites wcrc cificcounts during the first 5 min.
measured afte. l5 milr, and a positive reaction was characteriz€d by
an cdema >9x9 mm. For det€rmination of heat lability, each Blood E artinotion
senrm was heated to 56.C for 4 h in a water bath and tcstcd Blood eriainination was performed after the 4th immunizatioD,
similarly' and the nutrriier oferythrocytes and leukoqrtes was countcd by Sys-

serumrsEDetennination [;i"ffi;Lîî;1,?îl;J:i.T:1':i:tJ"Sjilict' 
Furthcrmore'

Thc total scrum IgE concentration was measured by radioim-
munoso.bcnt test 0l, and IgE antibodies speciftc to cedar pollen
were assayed by radioallergosorbent test (RAST) [l l]. Results

Prepararîon of MLxed Leukocytes
Heparinized blood obraincd from the saphenous veins of the Cutaneous Reactivity

monkeys was mired with an equal volume of Haemacel (Hoechsr Immediate-type skin reactivity to pollen antigen
Japan) and left for 60 min a! room temperature. After sedimenra- appeared after the 4th immunization (table l). In 3 of
tion, the leukocyte-rich supernatant was_separated, followed by 4 monkeys (Nos. 16, 17, and 20) a significant reactiv-c€ntrifugation (2508for5 min ar4.C) and hypotonic shock for lI- ;+- ---
sis of c)lhrocytcs, Àen washed twice with iri"-",f,"f"n"aiuiii.- 

tty rematned 3 months after the last immunization,

tctraacetic acid (ÉDTA) buffer [3] mM Tris(hydroxymerhyl) ami- but I monkey (No. l9) had a weak reactivity through-
romethane, 120 mM NaCl, 5 mM KCI, l0 mM EDTA-2 Na, 0.030/o Out the Study.
human serum albumin, pH 7,61, followed by final washing with
Tris.ACM buffcr [3] mM Tris(hyd.oxymethyl) aminomethane, prausnitz_Kùsîner Reaclions
120 mM Nacl' 5 mM Kcl' 06 mM.caclr'2Hro, 0'l mM ierìat oitutions of the sera collected after the 4thMgCl:. 7H:O, 0.03% human serum albumin, pH 7.61. Thc viabil iry
or tlc ccrrs, as cstimatcd by the trypan bt;; exctu:io; t€s; w;'s immunization were injected intradermally into mon-
>9570, and the c.cll numbcr was adjustcd ro 1.0 x lú cclls/0.45 ml ;n keys (table l). Positive reactions were observed in 3 of
Tris-ACM buffer. 4 monkey sera (l:1,280, l:320, and l:320), but I

,ìq\"f 'ììr:\*ì|ill!r8R1ir*lìll:il+È\ìi}:r$\\ìiFìTìrt$$ìi'
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Table l-  Results of the skin test and prausnitz-Ktistner t i ters in
monkeys after the 4th immunization

ool

5"J
'3t tol

I

E ,"-l
"l

Immuno-
antigen
pg

Monkey Allergen

No. sex sal ine

7.0 x 5.0
5.0 x 4.5

pol len
antigen

l2 .0  x  10 .0
10.0 x .  ' '

Prausnitz-
Kústner
t i ter

320
320

| .Jg; d 5.0 x 4.0" 9.0 x 9.0 t,280r'
19 9 5.5 x 4.0 9.0 x 7.0 < 20

l 7
20

2 . 5 -

L

3  z . o -
u)

F
s)
S  1 . s -
LL

ó
I

l 0

u Maximum diameter x 6ininlum diameter (mr:: i
b Maximum di lut ion of the samples required tc give posit ive re-
actions.

monkey serum (No. 19) showed a negati'de reaction
(< l :20). Heating of the serum to 56"C for 4 h re-
duced the skin-sensitizing acrivity.

Serum IgE Determination
Changes of total serum IgE levcrl': :lìlC RAST

scores were followed for up to 3 montlir.; i,;1,:r.the last
immunizarion (frg. l). Changes of total IgE levels
were not observed during the experiilent. RAST
scores increased after the 3rd immuniziil;,,1r1 in l mon-
key (No. 16) and after the 5th immunizarion in I
(No. 20), and these monkeys showed a persistence at
higher levels. Two monkeys (Nos. 17 and 19) were
considered to be RAST negative. A relationship be-
tween total I-sE and RAST scores was not observed.

Histamine Release
The percent histamine release from leukocytes

caused by antigen is shown in fìgure 2. The results
show that in experiments with any inrrnunized ani-
mals, the release of histamine occurred as a results of
exposure to antigen. In 3 of 4 monkeys lNos. 16, 17,
and 20), bell-shaped concentration-depeircent hista-
mine release curves at 0.01, 0.1, or 1.0 pglml of anti_
gen were induced. In I monkey (No. l9), histamine
release began at 1.0 1tg/ml of antigen and increased to
peak at 100 pg,zml of antigen. The leukocytes from
unimmunized monkeys did not release histamine af-
ter addition of antigen up to 100 pglml.

l-- i mm u n i z a t ioo ---------1

o 1 2 3 + à é i à
Months a f ter  f i rs t  ímmunizat ion

Fig. 1. Changes of total IgE levels and RAST scores. O : Mon-
key No.  16;  t  :  No.  17;  O :  No.  19;  O :  an imal  No.20.
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Fig.  2.  Relat ionship between poi len ant igen concentrat ion and
percent  h istamine re lease in leukocytes f rom monkeys af ter  the 4th
immun iza t ion .  A  :  Con t ro l  (un immun ized) ;  O  :  monkey  No .  l ó :
|  :  No .  17 ;  O  :  No .  19 :  C  :  an ima l  No .  20 .

Measurement of IgG Antíbodíes
Antipollen IgG antibodies measured by ELISA are

shown in figure 3. In 3 of 4 monkeys, IgG antibodies
appeared slowly and remained at a low level. How-
ever, in I monkey (No. l9) IgG antibodies increased
after the 3rd immunization and showed about a two
to three times higher level than the others.

2g
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Table 2. l lesults of the conjunoival provocation test

Scratching"Immuno-
antigen
pg

Control
l

t 0

l 5
l 6
t 9

l 7
?,4

0.0h

3.5
4.0

2.0
l  t . 3
t3.7

not done not  done

0.5 7.3

Months after first immunization

Fig. 3. Changes in serum levels of IgG antibodies against cedar
po l l enan t i gen .O :  MonkeyNo .  16 ;  |  :  No .  17 ;O :  No .  19 ;Q :
an imal  No.20.

Table 3. Blood values of monkeys after the 4th immunization

" Scratching was counted from 5 to 30 min after provocation.
b The tests were ;.lrrrformed two times with saline and three times
with pollen antigo ). 

'l 'he 
results are express€d as average counts.

Immuno-
antigen
pg

Monkey

sex

Red blood cells White blood cells Differential white blood cell count, %
x l0r,/mml x 102/mm3

lymphocytes rrcutrophi ls eosinophils basophils

Control
I

l 0

i ò

t 7
2B

.<

ó
9

ó
I

594
635
5t4

580
538

8 l
79
45

56
62

74.5
67.0
ll.ù

76.5
66.5

2 3 . 5
30.0
r ì .1

20.5
30.0

0.0
0.5
ù.ù

t .0
3.0

0.5
0.5
b.ì

1 .0
0.5

t . 5
2.0
).b

1 .0
0.0

Conj unctiv aI Pr ov o cati on Tes t
Count of eye-scratching in 3 of the 4 immunized

monkeys were 7.3-13.7 and 2.0 in the normal monkey
after dropping of the cedar pollen antigen (table 2).
The counts for immunized monkeys were higher than
that for the normal monkey. When the monkeys were
sensitized with saline, the counts for immunized mon-
keys ranged from 0.5 to 4.0. Scratching for monkey
No. 17 could not be counted because this animal
moved fairly frequently.

Blood Examination
Blood examination was performed after the 5th

immunization (table 3). The numbers of erythrocytes
and leukocytes in the immunized monkeys were in the
normal range reported previously [3]. Differential
counts of leukocytes were also similar to the normal
monkey.

Discussion

An experimental model of cedar pollinosis was de-
veloped in rhesus monkeys by subcutaneous injection
of cedar pollen antigen.

Antigen concentrations u'hich caused maximal his-
tamine release from leukocytes were 0.01 pglml in
monkey No. 16 and 0.1 pglml in animal No. 20. Their
RAST scores were \2.0, and Prausnitz-Kùstner titers
were l :1,280 and l :320, respectively. In I  monkey
(No. 19) the skin test reaction was weak, whereas
RAST score and Prausnitz-Kùstner titer were nega-
tive, and histamine releasebegan at 1.0 1tg/ml of anti-
gen and increased to peak at 100 ug/ml. The anti-
pollen IgG antibody concentration of this monkey
was also two to three times higher than that of the
others. In humans, the symptom index has been signif-
icantly correlated with the level of positive skin test,

l r l i l l i . i :  i :  l ; l ;  l :  l :  :  I i  ;  i ; '  ; i ;  : ; ]
'  1  . " : ' ; . : .  : ì  , ' .  . : . - : -
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protein anrigens such as polysaccharides. and the
MST 

-ó'e 
*àJ'ò6tffied TD, @n_le.E

èrude aniigén coniaining

RAST, and leukocyte histamine release I la].  ln addi-
tion, there has been a signifìcant correlation between
asthmatic severity and allergen concentrations of 50%
histamine release from leukocytes [15]. Signifìcantly,
leukocytes in mild asthmatics require more antigen to
cause maximal histamine release than those in severe
asthmatics. Therefore, it was hypothesized that mon-
key No. l9 was only sl ightly sensit ized. In the praus-
nitz-Kùstner test, the skin-sensit izing activi ty could
not be observed in al l  sera heated to 56.C for 4 h, sug_
gesting that IgE antibodies were produced in mon-
keys by immunization with cedar pol len. Hos.ever,
despite the fact that the Prausnitz-Kùstner tircr oI
monkey No.  l7  was l :320 and the ant igen concentra-
t ion of maximal histamine release 1.0 p.g/m| the
RAST score of the animal was negative. The reasons
why the monkey was negative on RAST aÉ because
f(-ffT&;ncifiGteci

pollen developed skin reactivi ty and leukocyte hista-
mine release characterist ic of immediate hypersensi-
t ivi ty, but there were no signs of cl inical al lergy in any
of these people during natural exposure to the pol len.
we obtained similar results in that the sensit ized mon-
key showed only a part icular cl inical sign, such as
eye-scratching after the antigen was dropped into
their eyes. The reason for this f inding was not imme-
diately evident, but there might be some dif ferences in
the characterist ics of IgE antibodies due to both natu-
ral ly induced and experimental ly induced pol l inosis.
Furthermore, Otsuka and Okuda [21] have reported
that the results of nasal provocation tests during the
pollen season differ from those out of season. During
pollen season mast cel ls and basophils migrate to the
mucous membranes of the nostrils andlor eyes, so an-
tigen-specific reactions readily occur at these sites. If
monkeys were continuously sensitized with pollen,
they might well show more apparent clinical signs.

It has been reported that several antiallergic drugs
which were effective in rodent models of allergy, such
as the rat and/or guinea pig, were not fully effective
in human patients [22,231.It  is important to develop
more suitable models to establish a means for medical
treatment of pollinosis. Although naturally occurring
pollinosis was found in wild Japanese monkeys, it
was almost impossible to use them as experimental
animals. These monkeys are protected animals in Ja-
p&D, and they might have been sensitized with several
unknown allergens in nature. Therefore, rhesus mon-
keys which were bred in a breeding colony for experi-
mental animals and which belonged to the same ge-
nus as the Japanese monkeys were immunized with
cedar pol len. We conclude that rhesus monkeys im-
munized with cedar pol len could be a useful model in
the investigation of human cedar pol l inosis. Further
studies to characterize allergens and to induce symp-
toms other than eye-scratching alone remain to be
performed.
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