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ABSTRA口.We attempted to accumulate出ebasic data for巴valuationof activated Iymphocyte therapy for small animal medicine. The 
peripheral blood mononuc1ear cel1s (PBMCs) collected from healthy dogs were activated using anti-CD3 antibody and human recombi-
nant (hr) interleukin (IL)-2 and reactivated using hr interferon (IFN)ーαωdhr IL-2. The property of obtained cells was comp紅 edwith 
PBMCs. The number of cells was shown to have increased approximately > 50 -fold by cultivation. The proportion of CD8+ cells was 
significantly increased，血ecytotoxicity of the cultured cells was revealed to have been reinforced. Additionally， CD56 mRNA lev巴ls
tended to have increas巴d.The cells obtained by血ismethod were confirmed to be activated lymphocytes. Furthermore， we investigated 
the effects of sequential administration of出eobtain巴dcel1s to healthy dogs. By sequential administration of出巴 activatedlymphocytes， 

the cel1 proliferative activity， proportion of CD4+ cel1s and CD8+ cel1s， and serum IFN-y concentration were shown to have increased， 

and no severe adverse effects were observed. Consequently， activated lymphocytes could be induced using anti-CD3 antibody and IL-
2 in healthy dogs， and sequential administration of activated lymphocytes reinforced the recipient's immunity. 
KEY WORDS: activated lymphocytes， canine， cytokine， tumor immunotherapy 

The longevity of dogs has increased due to improvements 
in diets， breeding environments， and veterinary medical 
technology; however，出ishas resuIted in an increase in the 
incidence of canine cancer [8]. Curτently， cancer is treated 
by surgery， radiotherapy， chemotherapy， or a combination 
of these therapies [3]. However， these therapies often cause 
severe adverse effects [42]. Therefore， the demand for 
immunotherapy that has few adverse effects in veterinary 
[2] and human medicine has increased as an adjuvant ther-
apy. 

Antitumor therapy using activated lymphocytes is a form 
of passive immunotherapy that involves administration of 
autologous lymphocytes that have been proliferated by 
stimulation and cultu民 withcertain cytokines [18， 32]. This 
form of immunotherapy is expec旬dto (1)凶ggerthe cyto-
toxic activity ofthe administered lymphocytes against target 
tissues，叩d(2) indirectly induce cell-mediated immunity by 
activation of T lymphocytes and natural killer (NK) cells 
出atare stimulated by various cytokines secreted from th巴
administered cells [27]. 

Generally， most of animal tumors訂巴 diagnosedin the 
later stages， and some malignant tumors have a rapidly pro-
gressive behavior [41]. In tumor-bearing animals， antitu-
mor immunity is expected to be suppressed by the growing 
tumor through various mechanisms [23， 29， 30， 36]. In such 
cases， spontaneous activation of cellular immunity against 
the tumor appears to be restricted. In such immunosup-
pressed animals， activated lymphocyte therapy by adminis-
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tration of autogenous lymphocytes proliferated and 
activated ex vivo is supposed to be fair1y effective. This 
therapy is， th巴refore，applicable to small animal cancers 
owing to its immunoenhancing properties. 

Some factors， including tumor stage and general physical 
condition of the animal， affect lymphocyte activation. This 
may lead to confusion in understanding出巴 precisemecha-
nism of activated lymphocyte therapy. A suitable method 
for evaluation of the immunoenhancing effects of immuno-
therapy has not been estab!ished yet. In humans， most of th巴
'cells obtained by cultivation of activated lymphocytes紅巳

reported to be cluster of differentiation (CD)-3+ T or NK 
cells [17]， and th巴cytotoxicactivity of these cells has been 
proved to incr巴aseafter cuItivation [40]. When canine lym-
phocytes were cuItured with anti-CD3 antibody and human 
re氾ombinant(hr) interleukin (IL)-2， the number of lympho-
cytes was obs巴rv巴dto have increased [24]. And in the pre-
vious report， hr interferon (IFN)αand hr IL -2 w巴reused 
for reactivation in order to activate NK cells [10]. There-
fore， these two protocols were combined in this study 
There was no report on the changes in the cytotoxic activity 
of曲目巴 cellsand the effect of sequential administration of 
these cells as activated lymphocyte therapy. 

In previous reports， canine CD56--one of the markers of 
human NK cells [37]-mRNA increased in stimulated lym-
phocytes [4，21]. Th巴usageof relative quantification CD56 
mRNA method was investigated during activated lympho-
cyte therapy in this study. 

This study was designed to accumulate the basic data for 
evaluation of activated lymphocyte therapy including exam-
ination of a population of activat巴dlymphocytes using anti-
CD3 antibody， IL-2 and IFN-αand determination of the . 
cytotoxic activity of these activated c巴lIs.
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MATERIALS AND METHOOS 

Experimental animals 
This study was performed on 6 clinically normal beagles 

(4 males and 2 females; age， 18-26 months; body weight， 
J(ト14kg). This research was conducted according to the 
Guidelines for the Care and Use of Laboratory Animals of 
the Graduate School of V巴t巴rinaryMedicine， Hokkaido 
University. Our experimental protocols were approved by 
the Institutional Animal Care and Us巴 Committeeof our 
mstltutlOn. 

Preparation of activated lymphocytes 
Separation of peripheral blood mononuc/ear cells 

(PBMCs): Peripheral blood samples from the dogs were 
heparinized (10 U/ml) and were diluted to twice their origi-
nal volume with physiological buffer saline (PBS). PBMCs 
were isolated by Ficoll-Paque density gradient centrifuga-
tion (specific gravity: 1.077) [5， 26]. For further use， 
PBMCs were adjusted to a final conc巴ntrationof 1 x 106 

cells/500μ1 of PBS and then separated into microtubes. 
One of the microtubes was centrifuged (at 5，800 x g for 1 
min at 220C)， and出esupematant was removed. The micro-
tubes were tapped and stored at -20oC until RNA extraction. 
Three of the microtubes that had been prepared for pheno-
type assay were stored at 40C. 

Culture of PBMCs: PBMCs w巴recultured according to 
previously reported methods [9， 24] with some modifica-
tions. The summarized procedure is as follows. A 75 cm2 

culture flask was incubated for 24 hr at room temperature 
with a mixture of 25μ1 anti-C03 antibody (1 mg/ml mouse 
anti-canine C03; Serotec， Oxford， U.K.) in 5 ml physiolog-
ical sa1ine (final concentration， 5μg/ml). PBMCs were cul-
tured in a complete medium (CM; containing 700 RU/ml of 
IL-2) [comprising RPMIl640+9 (Nikken Biomedical Lab， 
Kyoto， Japan)， RPMIl640 (GIBCO PBL， Gaithersburg， 
NY， U.S.Aふandfetal bovine s巴rum(FBS; Moregate Bio-
tech， Bulimba， Australia) in a ratio of 7:2:1]. On day 0， 
PBMCs were adjusted to a final concentration of 3 x 107 

cellsl1 0 ml of CM. The PBMC suspension was incubated in 
an anti-C03 antibody-coated flask at 370C under 5% CO2・
On days 4，8， and 12 after incubation， CM was added and the 
number of live cells was counted by th巴 trypanblue dye 
exclusion method. The additional medium used after day 8 
was CM-2 (containing 175 RU/ml of IL-2 and 2% FBS). If 
cell growth was remarkable， a gas-permeable culture bag 
(Nipro， Osaka) was used. On day 14， the cells were har-
vested and centrifuged (at 850 x g for 10 min at 220C)， and 
the supernatant was removed. Further， 15 ml of 
RPMIl640+9 and IFN-α (15 U of hr IFN alpha A; PBL 
Biomedical Laboratories， Piscataway， NJ， U.S.A.) were 
added to the cell pellets. These cells were incubated at 370C 
under 5% CO2 for 15 min， washed twice， and resuspended 
with PBS. 

Comparison of PBMCs and activated lymphocytes 
Phenotype assay: To both microtubes， 1 x 106 PBMCs 

were added. The microtubes were centrifuged (at 400 x g 

for 3 min at 40C)， and出esupematants were discarded. Ten 
microliters of fluorescent isothiocyanate (FITC)ーlabeled
antl・IgGantibody (goat anti-mouse IgG， rat absorbed; Sero-
tec Ltd.) was added to one ofthe tubes. Ten microliters each 
of FlTC-labeled anti-C04 antibody (rat anti-canine C04; 
Serotec Ltd.) and R-phycoerthrin (R-PE)ーlabeled叩 ti-C08
antibody (rat anti-canine C08; Serotec Ltd.) were add巴dto 
the sediment in the other tube， and the tube was tapped. The 
samples wer，巴 placedon ice， reacted for 30 min， and washed 
3 times with ice-cold PBS. The samples were resuspended 
in500μlofPBS. Phenotyping ofthe lymphocytes was per・
formed by flow cytome出canalysis (Beckman Coulter Inc.， 
Fullerton， CA， U.S.A.). 

Cytotoxic assay: For determination of natural cytotoxic-
ity， non-adherent PBMCs and activated lymphocytes were 
used. All cells were incubated at 370C under 5% CO2・

(1) Culture of tumor cells 
Four malignant melanoma cell lines (CMec， CMM-l， 

CMM-2， and LMec) were used [22]. Each line was cultured 
with RPMI1640 culture medium containing 10% FBS， 10 
U/ml penicillin G potassium， 0.1 mg/ml s住巴ptomycin，and 
10 mM  2-[4・(2・Hydroxyethyl)ーl-pip巴razinyl]ethane-
sulfonic acid. 

(2) Rose Bengal assay 
For det巴rminingnatural cytotoxicity， a colorimetric Ros巴

Bengal assay (RBA) was used [16]. Target (T) cells (mela-
noma cell lines) were aliquoted in 96-well flat-bottomed 
plates at a fmal concentration of 1 x 105 viable cells in 100 
μ1 ofRPMI1640 medium (10% FBS) per well and incubated 
for 8 hr. Thereafter， 100 μ1 of effector (E) cells (PBMCs 
and activated lymphocytes) were added to each well， result-
ing in EIT ratios of 100:1， 50:1， 25:1，佃dI2.5:1. For nega-
tive control， 100111 RPMI1640 medium was added instead 
of the effector cells. All tests were run in出plicate.After 
incubation for 14 hr， the suspended cells were removed. 
The remaining adherent target cells w巴reexposed to Rose 
Bengal (Wako， Osaka) for 3 min. After 3 washes， Rose 
Bengal was dissolved with 50% ethanollPBS， and the opti-
cal density (00) was measured using a microplate reader 
(MTP-120， Corona Electric， Ibaraki) at a waveiength of 562 
nm. Cytotoxicity was calculated according to the formula 
used by Funk et al. [14]: 

% cytotoxicity = 100 -(00 testl 00 control X 100) 
(3) Morphological examination 
Target cells (CMec) were adjust巴dto a fmal concentra-

tion of 1 x 105 cells/100 111 of出eRPMI16 
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tion of CD56 mRNA expression in PBMCs叩 dactivated 
lymphocytes. RNA was extracted by using RNeasy Mini 
阻ts(Qiagen， Les Ulis， France) according to the manufac-
turer's instructions. cDNA was synthesized according to a 
previously reported method [21]. Relative quantification 
was performed by a previously reported method in order to 
determine the level ofCD56 mRNA expression [21]. 

Sequentia1 adrninistration of activated lymphocytes to nor-
mal dogs 

This procedure was performed on 3 clinically healthy 
male beagles (body weight， 13.3-13.7 kg; all having the 

same blood group; age， 18 months). The day of the first 
adrninistration of activated lymphocytes was considered as 
day 0， and on days -14， 0， 14， and 28， we collected 20 ml of 
blood for culture of PBMCs. The 14th day cultured acti-
vated lymphocyt巴swer巴 adrninisteredintravenously to the 
appropriate dogs with autologous serum on days 0， 14，28， 
and 42. The physica1 condition of these dogs was exarnined 
for 3 day to observe for adverse effects. Furthermore， 1 x 
106 activated lymphocytes were separated and eva1uated for 
relative quantification of CD56 II浪NAexpression and phe-
notype assay perform巴don days -14， 7， 14，21，28，35，42， 
49， 56， and 70. For quantitative deterrnination of canine 
IFN -y concen仕組on，we collected the culture supematant on 
every 14th day and出eserum sample on days 0， 7， 14，21， 
28， 35， 42， 49， 56， and 70. For detecting ofIFN-y concentra-
tion， a Canine IFN-y immunoassay kit (R&D systems Inc.， 
Minneapolis， MN， U.S.A.) was used 

Additinally， as a test for sterility of出巴 culturesolution， 

出巴 culturesupematant on由巳 14出 daywas exarnined for 
endotoxin concentration by the synthetic chromogenic sub-
strate method and for mRNA expression by using the 
TaKaRa PCR Mycoplasma Det巴ctionSet (T AKARA BIO 
町c.， Shiga). 

S tatistical anal ysis 
All results are represented as mean :t standard巴町or.For 

statistical analysis， the Wilcoxon signed-ranks test was 
used， and va1ues of pく0.05were considered statistically sig-
nificant. 

RESULTS 

Number of activated lymphocyt巴S

The number of PBMCs obtained from the 6 norma1 dogs 
was 1.1ι3.00 X 107 cells (average， 2.18 x 107 cells) on iso-
lation; however， after culture， it increased to 0.51-2.20 x 109 

cells (average， 1.16 x 109)， i.e.， an 18.3-to 112.0・fold(aver-
age， 57.4-fold) increase (data not shown). 

Comparison of PBMCs and activated lymphocytes 
Phenotype assay: To clarify the cellular phenotype of 

PBMCs and activated lymphocyt巴s，flow cytometric analy-
sis was p巴:rformed.In PBMCs，出egate oflymphocytes was 
set up by control. The proportion of lymphocytes was 
approximately 30%. In activated lymphocytes， all cells 
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and activated lymph'Ocytes (n=5). The prop'Orti'Ons 'Of CD4一/
CD8-d'Ouble negativ巴(DN)cells and CD4+ cells decreased and 
the prop'Orti'Ons 'Of CD8+ cells and CD4+/CD8+ d'Ouble p'Ositive 
(DP) cells increased am'Ong the activated lymph'Ocytes (ACLs) 
as c'Ompared t'O白eperipheral bl'O'Od m'On'Onuclear cells 
(PBMCs). The increas巴10出eprop'Orti'On 'Of CD8+ cells was sig-
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Fig. 2. The changes in the cyt'Otoxicity 'Of PBMCs and ACLs 
against melan'Oma c巴l1s.The cyt'Ot'Oxicity was calculated from 
the numbers 'Of the effector cells (PBMCs and ACLs) and the 
target cells (4 diff，巴rentmelan'Oma celllines). ACLs show higher 
cytotoxicity山anPBMCs in each cellline. 

were regarded as lymphocytes， because the other cells in 
PBMCs had a short life compared to lymphocytes. A series 
of changes was observed in th巴 proportionof PBMCs and 
activated lymphocytes obtained from the 6 normal dogs， as 
shown in Fig. 1. Among PBMCs， the proportion of CD4+ 
C巴llswas predorninance. In contrast， among the activated 
lymphocytes， the proportion of CD8+ cells was predorni-
nance. The increase in CD8+ cells among出巴 activatedlym-

phocytes was significant (pく0.05).Additionally， among the 
activated lymphocytes， the propo此ionof CD4+/CD8+ dou-
ble positive (DP) cells increased， while that of CD4-/CD8 
double negative (DN) cells decreased. 

Analysis of the cytotoxic activiηofthe PBMCs and acti-
vated lymphocytes: Cytotoxicity assay was performed using 
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Fig. 3. Giemsa stained specimen of出ecytotoxicity of PBMCs and ACLs against melanoma cells (E汀=50:1). Target cells are mela-
noma cellline (CMec). a. E仔ectorcells: PBMCs. 1. xω0: Many melanoma cells are alive. 2. x4oo: No PBMCs surrounding出巴 mel-
anoma cells. b. Effector cells: ACLs. 1. x 100: Few melanoma cel1s are alive. 2. x4∞: ACLs surrounding白emelanoma cells. 

canine melanoma cells as the target cells. After coculture 
for 14 hr， activated lymphocytes showed higher cytotoxicity 
出anPBMCs in each cellline (Fig. 2). 

Morphological examination: Among PBMCs， most of the 
melanoma cells were alive (Fig. 3・a)，and the PBMCs did 
not aggr巴gatearound the melanoma cells at Err ratios of 
100: 1 and 50: 1 (Fig. 3-a-2). In contrast， there were only a 
few live melanoma ce11s among the activated lymphocytes 
(Fig.3・b)，and the activated lymphocytes aggregated around 
the surviving melanoma cells (Fig. 3・b・2).

CD56 mRNA expression: To investigate for CD56・pOSl・

tive c巴l1s，relative quantification of CD56 mRNA expres-
sion was determined by real-time PCR. Although CD56 
mRNA expression level of activated lymphocytes tended to 
increase， the difference was not significant (data not 
shown). 

Influence of sequential administration of activat巴:dlympho-
cytes to normal dogs 

The number of activated lymphocytes obtained was 

observed to increase gradually: 1.92・， 2.18・，5.69・， 9.38-fold
after the first， second， third and fourth culture compa:red to 
the number of PBMCs， respectively. The phenotype pro-
portions ofPBMCs and activated lymphocytes were investi-
gated from the second to the fourth culture. The proportion 
of cells after the frrst culture was not determined because出e
number of cells obtained was very small. Figure 4 shows 
the average of phenotypic proportions aft巴reach culture 
cycle. Throughout the period of adrninistration，出epropor-
tions of CD4+ cells and DN ce11s tended to have decreased， 

and the proportions of CD8+ cells and DP cells tended to 
have increased. 

Relative quantification was performed to determine 
CD56 mRNA expression in PBMCs and activated lympho-
cytes. Figure 5 shows the average relative CD56 mRNA 
levels among the 3 dogs at each culture cycle. The increase 
in CD56 mRNA expression in activated lymphocytes was 
higher than that in PBMCs during the study period. CD56 
mRNA levels at出efirst， second and fourth culture cycles 
wer巴significant1yhigher出an出atin PBMCs (pく0.01).
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Fig.5. CD56 mRNA expressi'On lev巴Isin PBMCs and ACLs dur-
ing sequential administrati'On (n=3). The figure sh'Ows the rela-
tive CD56 mRNA expressi'On levels， and the CD56 mRNA level 
in PBMCs was defined as 1.00. ACLs sh'Owed higher CD56 
mRNA expressi'O目白組 PBMCsafter every culture cycle. Partic-
ularly， CD56 mRNA levels at出eflIst， sec'Ond， and f'Ourth cul-
tures were significantly higher由an出atin PBMCs (**: p<O.Ol). 
All date are represented as mean :t standard eη'Or. 
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The IFN-yconcentration in出eactivated lymphocyte cul-

ture supernatant on the 14th day was determined by 

enzyme-linked irnmunosorbent assay. Figure 6 shows由巳

average of the IFN-y concentration among the 3 dogs in 

terms of the number of times of cultivation. A significantly 

higher amount of IFN-y was produced in出eCM  medium 

(control) at all times (p<O.Ol). 

The biological response of the dogs after sequential 

administration of activat巴dlymphocytes was examined. 

The time-course changes in the proportion of the PBMCs 

after administration was examined by flow cytome住icanal-

ysis. The outcome of dog A， which showed the typica1 time-
course attitude was exhibited in Fig. 7. On comparing the 

proportions of PBMCs on day 28 with出aton day 35， a 

Fig. 4. The changes in the cell prop'Orti'Ons am'Ong 
出ePBMCs and ACLs during sequential adminis-
trati'On 'Of白巴 ACLs(n=3). The figure sh'Ows the 
average cell prop'Orti'Ons after every culture cycle: 
the sec'Ond culture cycle (upper panel)， third cul-
ωre cycle (middle panel)， and f'Ourth culture 
cycle (I'Ower panel). AII 'Of culture cycles sh'Ow a 
decrease i目白巴 prop'Orti'Ons'Of DN and CD4+ cells 
and an increase in出eprop'Orti'Ons of CD8+ cells 
and DP cells. In particular， the decrease in the 
propo凶on'Of DN cells at the sec'Ond and f'Ourth 
culture cycle and出巴 LDcreaseLD白eprop'Orti'On 'Of 
CD8+ cells at出巴 f'Ourthculture cycle was signifi-
cant (料:p<O.Ol). All date ar巴 representedas 
mean :t standard e町'Or.



As a trial of antitumor immunotherapy in veterinary 
patients， activated lymphocyte therapy was applied by 
adrninistration of autogenous lymphocytes that had been 
proliferated and activated ex vivo. In human medicine， this 
typ巴 ofimmunotherapy is referred to as lymphok:ine-acti-
vated killer (LAK) therapy [34]， CD3-LAK therapy， or 
BAK therapy [10]. Each clinical study has employed its 
own methods for application of growth factors to activated 
lymphocytes. Regardless of the growth factors used， the 
clinical results of activated lymphocyte therapy have been 
acceptable and favorable for controlling malignant tumors 
[12]. Activated lymphocyte therapy reduced the recurrence 
rate and lengthened the disease-free interval aft巴rsurgical 
resection of hepatocellular carcinoma [38] and prolonged 
the life span without any adverse effects in patients with 
progressive solid tumors [11]. 

In veterinary medicine， activated lymphocyte therapy and 
dendritic cell-based vaccines are current1y being paid much 
attention for clinical usage in tumor-b巴aringanimals. Even 
after clinical trials， no investigation has revealed the clinical 
efficacy of activated lymphocyte出巴rapy.Although many 

methods of lymphocyte activation have been reported， for 
example， concanavalin A [25]-a k:ind of rnitogen， and low-
dose IL-2 [19]， the most frequently used growth factors are 
anti-CD3 antibody and IL -2 [24]. 

In present study， PBMCs isolated from canine blood w巴re
cultured with mouse anti-canine CD3 antibody and hr IL-2 
for 14 day and were reactivated with hr IFN-αand hr IL-2 in 
order to activated NK cells [10]. 

The number of PBMCs increased approximately 57-fold 
after culture for 14 day. The proliferativ巴abilitywas differ-
ent in individual dogs as previously reported [24， 25]. 
Among the activated lymphocytes obtained at 14 day after 
culture， the proportions of CD8+ cells and DP cells were 
observed to have increased， as compared to the cell propor-
tions among the PBMCs. The cytotoxicity of activated Iym-
phocytes against melanoma cells was revealed to have been 
reinforced by cultivation as mentioned above. CD8+ cells 

are generally assumed to comprise a m司orityof cytotoxic T 
ce11s， and the cytotoxicity of these ce11s is restricted to the 
major histocompatibility complex (MHC) class 1， which 
should be target specific and powerful [33]. DP cells con-
tain immature lymphocytes出atdifferentiate into CD4+ or 
CD8+ lymphocytes [39] 
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detected in any of th巴samples.

DISCUSSION 
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allow showed a day of ACLs administration. Serum IFN-y con-
centration was hardly detectable until day 14; however， it 
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decrease in the proporion of DN cells and an increase in the 
proportions of CD4+ c巴l1sand CD8+ ce11s were observed. A 
sirnilar change was observ巴don days 42 and 49. In each 
instance， the altered values returned to the baseline ratio 
after 2 weeks. CD56 mRNA expression in出ePBMCs was 
determined; however， no obvious change was found. Figure 
8 shows the av巴rageserum IFN-yconcentration among出巴3
dogs. Serum IFN-y concentration was hardly detectable 

until day 14; however， it increased gradually during sequen-
tial adrninistration of activated lymphocytes from day 21 to 
day 49. It th巴ndecreased gradua11y from day 56 to day 70 
and reduced to approximately 50% of出epeak values at 4 
weeks after出巴 lastadministration. 

There were no advers巴effectsin clinical findings follow-
ing sequential adrninistration of activated lymphocytes in 
any of the experimental dogs during the study period. The 
endotoxin concentrations in the culture medium were within 
the normal limit (く5pg/ml)， and mycoplasma were not 
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There were no severe advers巴巴ff，巴ctsof sequentia1 

administration of activated 1ymphocytes in any of the exper-

imenta1 dogs during the study period. The number of acti-

vated 1ymphocytes obtained from the same amount of b100d 

was like1y to have increas巴dwi出 anincrease in批 admin-

istration of activated 1ymphocytes. Serum IFN-y concentra-

tion and the proportion of CD8+ cells among the PBMCs 

were shown to have increased significant1y with the admin-

istration of activated 1ymphocytes. This might indicate that 

administration of cultured CD4+ T cells promoted IL-2 

secretion and induced T cell proliferation [31]. 
An increase in the proportions of CD4+ cells and CD8+ 

cells was evident within 7 days after the third and fourth 

administrations of activated 1ymphocytes. Serum IFN-y 

concen仕ationwas a1so observed to have increased simu1ta 

neous1y. Administration of activated CD4+ cells and CD8+ 

cells wou1d promote the secretion of IL-2 and IFN叩 曲 目

inducing proliferation and activation of T and NK cells， and 
further acce1erating IFN-y production [6， 7]. Serum IFN-y 

concentration was increased first， and then， the cytotoxic 
ability of the PBMCs might be have been enhanced， since 
IFN-y promoted the activation of NK cells [35]. Serum 

IFN-y concentration increased evidently during sequentia1 

administration of the activated 1ymphocyt巴s[15]， and it 

reduced to approximat巴1y50% ofthe p巴akva1ues at 4 weeks 

after the 1ast administration. This fluctuation in serum IFN-

y concentration was suggested that出erecipient's immunity 

wou1d be reinforced. 

In re1ation to administration of activated 1ymphocytes， 

CD56 mRNA expression in PBMCs remained unchanged 

In comparison to PBMCs， the increase in CD56 expression 
in activated 1ymphocytes was obvious. CD56 mRNA 

expression was reported to be up-regu1ated in the 1ympho-

cytes stimu1ated by mitogen [4]. Re1ative quantification of 

CD56 mRNA expression was like1y to have been an indica-

tor of 1ymphocytes activation. 

Among PBMCs， changes in the cell proportions and 
mcrease m出巴 IFN-yproduction were observed in the dogs 

used in this study. These resu1ts indicated a change in the 

serum IFN-y concentration; moreover， the phenotypice 

assay contributed to recognition of immunoactivation dur-

ing sequentia1 administration of activated 1ymphocytes. 

In conclusion， activated 1ymphocytes cou1d be induced 
using anti-CD3 antibody， hr IL-2 and hr IFN-αin healt 
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