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Abstract

The present study describes the role of recombinant human interleukin-2 (rh IL-2) as immunomodulatory molecule in foot-and-mouth
disease (FMD) vaccinal immune response in a murine model. The humoral immune response was evaluated by examining the antibody titre
against FMD virus type O, A and Asia 1 in serum samples obtained from different groups of mice inoculated with PBS, FMD vaccine
alone; vaccine along with rh IL-2 on 0, 7, 14, 21, and 30 days post vaccination (DPV) by indirect double antibody Sandwich ELISA.
The cellular immune response was also examined on different DPV by an MTT based lymphoproliferation assay in splenic mononuclear
cells (SMNC) obtained from different groups. IL-2 was able to enhance the specific immune response against FMD virus typad, A
Asia 1 as evident by significantly higher ELISA antibody titr&s<(0.05) in serum obtained from mice receiving IL-2 along with vaccine
as compared to mice immunized with vaccine alone. Similarly, the same group of mice showed significantly higher lymphoproliferative
responses in SMNC against mitogen PHA and FMD virus types £aAd Asia 1 on all DPVs as compared to the group inoculated with
vaccine alone.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction T cell mediated immunity in FMO1]. The immunity pro-
vided by infection provides protection for sufficient period
Foot-and-mouth disease (FMD) is an extremely conta- which appears to correlate with the presence of circulat-
gious, acute viral disease of all cloven footed animals, char- ing specific antibodief2]. While immunization with inac-
acterized by fever and vesicular eruptions in mouth and on tivated virus vaccine is reported to result in an immunity of
feet and teats. It is one of the world’s most important ani- shorter duratiof3] which could be due to vaccine virus be-
mal disease because of the speed with which it spreads, tradéng less competent to induce a T cell response and T cell
sanctions imposed on countries in which it occurs and the memory. Thus, effective adjuvant systems are very impor-
loss in production of affected animals. The practice of regular tant for enhancement of immune response against FMD
prophylactic vaccination still continues as a primary control vaccines.
measure in many countries. Although hundreds of substances have been found to have
Humoral immune response was considered to be an im-adjuvant effects, only few like aluminium hydroxide, saponin
portant defence mechanism in FMD infection. In recent past, and oil emulsion have been routinely used in FMD vaccine
there has been an increasing evidence of the importance of4]. In recent years, special attention has been paid to cy-
tokines as vaccine adjuvants because of their unique roles in
mpondmg author. Tel.: +91 1662 284333; the immu_ne respo_nse. Var_ious cyt_okines have been shown to
mobile: +91 9416125524 fax: +91 1662 234952 be effective as adjuvants in a variety of model systems, en-
E-mail addressrrefmd@hau.ernet.in (R. Sharma). hancing protection induced by viral, bacterial and parasitic
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vaccineg5]. Numerous in vitro and in vivo studies have re- (LAH), tryptose soya broth, sodium bicarbonate, antibiotics
vealed the importance of the local cytokine environment on and antifungal agents. The growth and maintenance media
the quality and magnitude of ongoing immune responses. Thewere supplemented with 10 and 2% fetal calf serum (FCS),
use of cytokines as adjuvants offers an important advantagerespectively. The cells were infected at a multiplicity of in-
as they will not only be able to enhance immune response infection (MOI) of 0.01 per cell and were harvested when they
most appropriate manner but will also determine the type of were showing virus specific CPE. The virus was extracted
immune response mounted by the antigen, i.e. an expanded Brom the cells by freezing and thawing. Cell debris was re-
cell response, a cytotoxic T cell response or a T helper type 1moved by centrifugation at 10,0009 for 30 min at 4C.
or 2 subset response depending on the cytokine that is beingrhis preparation was used as antigen in ELISA. For lym-
used. As IL-2 occupies a central position in the cascade of phocyte proliferation assay antigens were inactivated with
events involved in the immune response, it has been studiedbinaryethylenimind15].
most extensively as potentiator of vaccinat{ér13] IL-2
has the capacity to induce the proliferation and differentiation 2.5. Immunization
of T cells as well as B cells and also stimulates the cytolytic
activity of subsets of T lymphocytes, enhancing T cell ac-  Three groups of 15 mice were each immunized (i.m.)
tivation and inducing secretion of other cytokines such as on day O either with 0.1 ml of PBS (as negative control),
IFN-v, IL-4 and TNF. It not only stimulates the proliferation or with 0.1 ml of FMD vaccine or with 0.1 ml FMD vac-
of activated B lymphocytes but also promotes the induction cine emulsified with 800 IU of IL-2, respectively. Blood and
of immunoglobulin secretiofiL4]. splenic mononuclear cells were collected from three mice of
Limited work has been reported on inclusion of these im- each group on 0, 7, 14, 21 and 30 days post vaccination
munomodulatory molecules in FMD vaccines for significant (DPV).
enhancement of the immune response and protection against
FMD virus challenge. Based on these attributes, inthe present2.6. Peripheral blood
study, the effects of IL-2 on immunomodulation of humoral
as well as cellular immune responses against FMD vaccines Peripheral blood was collected from mice by use of the
was investigated. retro-orbital bleeding method. Serum was collected from
these blood samples by placing the tubes in slanting posi-
. tion for 1 h at room temperature followed by 3—4 h incuba-
2. Materials and methods tion at 4°C. The tubes were then centrifuged and serum was
_ obtained by collecting the supernatant.
2.1. Mice
A total of 45 male outbred Swiss albino mice (3—-4 weeks 2.7. Indirect double antibody Sandwich ELISA
old) obtained from Disease Free Small Animal House, CCS
Haryana Agricultural University, Hisar, India and maintained
in pathogen free conditions were used.

An ELISA to detect antibodies to FMD virus serotypes
was carried out as indicated earl[@6]. The Micro ELISA
polyvinyl plates (Nunc) were coated with pof anti 146S
rabbit sera (specific for the FMD virus serotypes under inves-
tigation) overnight at 4C. Plates were washed thrice with
phosphate buffer saline containing 0.05% (v/v) Tween-20
(PBST), and 5@ virus antigen at a predetermined dilu-
tion was added and plates were incubated &tC¥or 1 h.
Plates were then washed three times with PBST. Thereatfter,
50l of double fold dilution of each test serum sample (in
2.3. Cytokine duplicate) in diluent buffer (LAH 3% (w/v), newborn calf
serum 5% (v/v), normal rabbit serum 5% (v/v) in PBST)

Recombinant human interleukin-2 (rh IL-2, Sigma Chem- Was added and incubated at“&7 for 1 h. Following three

2.2. Vaccine

Oil adjuvant polyvalent FMD vaccine (Raksha Ovac, In-
dian Immunologicals) containing binaryethyeneimine inacti-
vated O, A», C and Asia 1 serotypes of FMD virus was used
for immunizing mice.

icals) was used along with the vaccine. washings with PBST, 5l of optimally diluted anti-mouse
IgG horse raddish peroxidase (HRPO) conjugate (Sigma)
2.4. Viral antigens was added in all the wells and incubated further for 1 h at

37°C. Finally, 50ul of freshly prepared substrate solution
FMD virus (FMDV) reference serotypes OpA C and (orthophenylene diamine + hydrogen peroxide) was added to
Asia 1 (procured from Central Laboratory of Project Di- each well and plates were left in the dark for development
rectorate on FMD; IVRI, Mukteshwar-Kumaon, Uttranchal, of colour. The reaction was stopped by adding:50f 1 M
India) were cultivated in baby hamster kidney (BHK-21) sulphuric acid/well. The optical density of the wells were
clone 13-cell line using minimum essential medium (MEM, measured by an ELISA reader (Titertek Multiskan) using a
GIBCO BRL) supplemented with lactalbumin hydrolysate measuring filter of 492 nm.
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2.8. Estimation of titre 2.11. Statistical analysis

The titre was expressed as {g@f the inverse of the high- The results obtained on various parameters from the three
est serum dilution that had an O.D. greater than that obtainedexperimental groups of mice were analyzed statistically using
with negative serunt 3 S.D. Duncan’s multiple range test.

2.9. Splenic mononuclear cells (SMNC)
3. Results

Mouse spleens were passed through steel mesh to ob-
tain single cell suspensions which were then slowly lay- 3.1. Virus specific antibody responses
ered on top of Histopaque (1.0#70.001 g/ml, Sigma) col-
umn and centrifuged at 1500 rpm for 30 min. After cen- To see whether IL-2 when administered along with vac-
trifugation, the white band of mononuclear cells was har- cine, is able to enhance the antibody titres against FMD virus
vested and washed twice with RPMI-1640 medium. The antigens, the serum antibody titres against FMD virus types
cell pellets were resuspended in RPMI-1640 medium with O, A;and Asia 1 were determinedon0, 7,14,21and 30 DPV,

L-glutamine supplemented with 10% FCS, 1% penicillin
and 1% streptomycin. The viability of cells was esti-

using the Sandwich ELISATable J). In the group of mice
receiving IL-2 along with vaccine, the mean antibody titres

mated by the trypan blue dye exclusion technique and were always significantly higheP& 0.05) than the group,
cell suspensions were adjusted to a final concentration ofwhich was inoculated with vaccine alone. The mean antibody

1 x 10° cells/ml.
2.10. Culture of splenic mononuclear cells

SMNC suspension (100; 1 x 10°cells/ml) was dis-
pensed in triplicates into 96 well flat bottom microtitre plates.
These cultures were then stimulated by adding.b50pti-
mally diluted PHA (Gibco) or inactivated FMD virus types
0, Ao or Asia 1 antigens. The control wells containedu30
mock antigen in place of FMD virus antigens. Cultures were
then incubated in a humid GQhamber for 72 h at 37C.
After incubation, 5Qul of 3[4,5-dimethylthiazol-2u.l]-2,5-
diphenyltetrazolium bromide; thiazolyl-blue dye (5 mg/ml,

MTT, Sigma) was added in each well and plates were further

incubated at 37C for 4 h. Following incubation, the super-

titre against FMD virus type Ol@able J in the group receiv-

ing vaccine alone peaked on 14 DPV and thereafter remained
static on 21 and 30 DPV where as in the group receiving IL-2
along with the vaccine, the antibody titres started increasing
gradually after day 7 and reached peak on 21 DPV followed
by a slight decline on 30 DPV while the peak antibody titres
against FMD virus type 4 (Table ) and Asia 1 Table J

were obtained on 21 DPV. The antibody titres in the control
group were always less than 1.04gg

3.2. Lymphoproliferative responses in splenic
mononuclear cells

The lymphoproliferative responses of SMNC obtained
from the three experimental groups of mice in response to

natant from each well was aspirated carefully and formazanin vitro stimulation with mitogen PHA and different viral

crystals were solubilized by adding 1@0DMSO containing
0.01% (v/v) Triton X-100 into each well. The absorbance of

each well was then determined at a wavelength of 540 nm,

antigens were studied on 0, 7, 14, 21 and 30 DPV using MTT
assay. The lymphoproliferative responses of PHA stimulated
SMNC cultures in the group receiving IL-2 along with vac-

calibration setting of 1.00 and a threshold of 1.99 and a refer- cine were significantly higheP(< 0.05) compare to the group
ence wavelength of 620 nm. The ELISA reader was blanked receiving vaccine alond={g. 1a). The peak response in this

with culture well having MTT alone without any SMNC.

group was observed on 14 DPV followed by a gradual decline

AO.D. was calculated by subtracting the mean O.D. of mock on 21 and 30 DPVs. The lymphoproliferation in FMD virus
antigen stimulated cultures from the mean O.D. of specific types O Fig. 1b), Az2 (Fig. 1c) and Asia 1 Fig. 1d) stim-

virus stimulated cultures.

ulated SMNC cultures of mice immunized with IL-2 along

Table 1
Serum antibody titres (lag) in mice vaccinated with oil adjuvant polyvalent FMD vaccine or FMD vaccine + IL-2 against FMD virus types,(akd Asia 1
Days Control FMD vaccine FMD vaccine + IL-2

post-vaccination - - -

Ao Asia 1l (@] Poo Asia 1 (@] Poo Asia 1

0 <1.0 <1.0 <1.0 <10 <1.0 <1.0 <1.0 <1.0 <1.0

7 <1.0 <1.0 <1.0 1.80.00B 1.3:0.00B 1.4+0.10B 1.7+0.10A 1.8+0.10A 1.7+£0.10A
14 <1.0 <1.0 <1.0 1.60.00B 1.4+-0.10B 1.7£0.20B 1.9+ 0.00 A 2.1+0.10A 2.2+0.00 A
21 <1.0 <1.0 <1.0 1.60.00B 1.6:0.00C 1.9+0.00 B 2.5+0.17 A 2.3+0.10A 2.5+£0.00 A
30 <1.0 <1.0 <1.0 1.60.00B 1.6:0.00B 1.6£0.00B 2.2+0.17 A 2.3+0.17A 2.2+0.17A

Values are meaitt S.E. Mean with the same letters are not significantly differBrt@.05).
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0.180 D Gomrol D@Vacone B Vacone 1 L2 O on different DPV except that the responses were of lower
01601 () magnitude on 21 and 30 DPV.

4. Discussion

d O.D values

In the present study, significantly higher magnitude of an-
tibody titres were recorded in the groups of mice which were
immunized with FMD vaccine along with rh IL-2 as com-
pared to the mice which received vaccine alone, i.e. upto 2.5
(logi0) against FMD virus type Ap antigen while in the group
receiving vaccine alone highest titres against FMD virus type
O and A did not exceed 1.6 (lag) and against type Asia 1,
highest titre recorded was 1.9 (inf). These findings clearly
demonstrated that a single dose of IL-2 was able to aug-
ment the specific antibody responses when used as adjuvant
0 ’ 14 21 30 with the polyvalent FMD vaccine. These results are consis-
tent with the findings reported earlier that single concomitant
v injection of IL-2 (1000 IU/mouse) with virus antigen resulted
g 01401 in a significant anti-FMD virus antibody response at 14 and

d O.D values

= 0.120 .
g 5100 28 DPVs[16]. Enhanced humoral immune response has also
8 been demonstrated by several workers when multiple injec-

© 0.060 4 tions of IL-2 were used with inactivated rabies vifd¥],

; BHV-1 subunit vaccing9] and modified live BHV-1 vaccine
[18]. Enhanced antibody responses to tetanus anfib@h
and influenza virus vaccin@0] by IL-2 liposomes has also
been demonstrated.

IL-2 directly stimulates the proliferation of antigen ac-
tivated B lymphocytes and also promotes the induction of
immunoglobulin secretiof21]. The enhanced antibody titres
may be because of the capacity of IL-2 to induce proliferation
and differentiation of B cellsas wellas T cdl®?]. IL-2 prob-
ably stimulated dramatic proliferation of the antigen specific
T lymphocytes, which then further differentiated into mature
antigen specific effector T helper cells. The proliferating T
cells may then secrete a variety of other lymphokines like
IL-4, IL-5 and IL-6 which then act in conjunction with T cell
help to activate B cells and to generate mature antibody pro-
Fig. 1. Lymphoproliferative response of in vitro (a) PHA stimulated SMNC ~ ducing plasma cells and memory cdB§. Thus, explaining
cultures, (b) FMD virus type O-stimulated SMNC cultures, (c) FMD virus  the increased levels of specific antibodies in the mice which
type Apo-stimulated SMNC cqltures and.(d) FM'D virus'type Asia 1 received rh IL-2 along with vaccine.
stimulated SI\_/INCcuIture_sobtamed from mice vaccinated with FMD vaccine Generally, immune response against FMD was evaluated
or FMD vaccine along with rh IL-2. e ) .

on the basis of humoral immune response, but recently, it has
been suggested that cellular immune responses are also re-
quired for providing protection in animga3]. In the present
with vaccine were significantly higher compared to those ob- study, the adjuvant effect of rh IL-2 in enhancing the cellular
tained in SMNC cultures of mice immunized with vaccine immune response against FMD vaccine was also studied and
alone £<0.05). In cultures stimulated with FMD virus type  our findings revealed that rh IL-2 could significantly augment
O the peak lymphoproliferative response was observed on 21the cellular immune response against FMD virus types O,
DPV while in cultures stimulated with FMD virus typex4, A2z and Asia 1 antigens. The lymphoproliferative responses
the peakAO.D. value was observed on 7 DPV followed by a in splenic lymphocyte cultures obtained from the group of
decline on 14 DPV. However, the responses were then main-mice inoculated with rh IL-2 were significantly higher on all
tained at almost same level on 21 and 30 DPV. The trend in days post vaccination as compared to the responses in group
lymphocyte proliferative responses in the SMNC cultures on of mice receiving vaccine alone. Multiple doses of IL-2 have
in vitro stimulation with FMD virus type Asia 1 was almost also been shown to enhance the antigen specific lymphopro-
similar to that observed on stimulation with FMD virus type liferative responses when given in conjunction with BHV-1

d O.D values

0 7 14 21 30
Days post vaccination
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subunit vaccine based on glycoprotein[8]. Several other [6] Anderson G, Urbano O, Fedorka-Cray P, Newell A, Nunberg J,
workers[7-9] have reported that IL-2 increases the cellular Doyle M. Interleukin-2 and protective immunity iflaemophilus
immune responses buttheyattributed itto augmented antigen pleuro pneumoniaePreliminary studies. Vaccines, vol. 87. Cold

i totoxicit ti Spring Harbor Press; 1987. p. 22-5.
SPEcINc cytotoxiCity reactions. [7] Weinberg A, Merigan TC. Recombinant interleukin-2 as an adjuvant

The significantly higher proliferative responses in the for vaccine induced protection; immunization of Guinea pigs with
group of mice inoculated with rh IL-2 along with vaccine may Herpes Simplex virus subunit vaccines. J Immunol 1988;140:294-9.
be because of larger number of responding antigen specific [8] Nunberg JH, Doyle MV, York SM, York CJ. Interleukin-2 acts as an
T cells in the splenic mononuclear cells. Once even a small adjuvant to increase the potency of inactivated rabies virus vaccine.

. . . Proc Natl Acad Sci USA 1989;86:4240-3.
number of these T_ceIIs are _actlvated,_they might be secr_etlng [9] Hughes HPA, Campos M, Godson DL, Van Drunen Littel-van
GM-CSF along with other immunostimulatory factors like denHurk, McDougall L, Rapin N, et al. Immuno potentiation of
IFN-y and IL-4, which might then augment the number as bovine herpes virus subunit vaccination by interleukin-2. Immunol-
well as efficiency of active antigen presenting cells, which ogy 1991;74:461-6.

in turn would be able to recruit additional antigen specific T [10] McCullough KC, Pullen L, Parkinson D. The immune response

ls. Thi itive feed back | thus b It . against foot-and-mouth disease virus: influence of the T lympho-
cells. IS positive feed back loop may thus be resulting in cyte growth factors IL-1 and IL-2 on the murine humoral immune

an efficient antigen specific cellular immune response. response in vivo. Immunol Lett 1991:31:41-6.
It can be well concluded from the present study that rh [11] Ho RJ, Burke RL, Merigan TC. Liposome formulated interleukin-2
IL-2 can significantly augment the humoral as well as cellu- as an adjuvant of recombinant HSV glycoprotein D for the treatment

lar immune response against FMD. A further enhancement of recurrent genital HSV-2 in guinea. pigs. Vaccing 1992;'10:209—13.
e . . [12] Chen TT, Tao MH, Levy R. Idiotype cytokine fusion pro-

of the spegﬁc immune r_eSponse a,ga'“St FMD virus may t,)e teins as cancer vaccines: relative efficacy of IL-2, IL-4 and
expected if the recombinant cytokines of the same species  granulocyte-macrophage colony stimulating factor. J Immunol
are used as adjuvants. 1994;805:4775-85.

However, further studies are needed in natural hosts to[13] Derosa DC, Sordillo LM. Efficacy of a bovin8taphylococcus au-
optimize the dose of antigen as well as that of cytokines and reus vaccine using interleukin-2 as an adjuvant. J Vet Med Ser B

- . 1997;44:599-607.

the route and Sc,h?dUIe OT |nocu_lat|on. It h?‘S been.repor_te_d thaE14] Ralph P, Jeong G, Welte K. Stimulation of immunoglobulin secretion
IL-2 when administered in conjunction with vaccine elicited in human B lymphocytes as a direct effect of high concentrations of
a response similar to that generated by immunizing with 25 IL-2. J Immunol 1984;133:2442-5.
times as much antiggB—24]. Thus, if a formulation capable  [15] Bahnemann HG. Binary ethylenimine as an inactivant for foot-and-
of releasing [L-2 SIOWIy becomes available, then the use of mouth disease virus and its application for vaccine production. Arch

this cytokine as an adjuvant would become a more practical Mirol 1975;47:47-56.
Yy J P [16] McCullough KC, Crowther JR, Butcher RN. Alteration in antibody

proposition in the field. o . reactivity with foot-and-mouth disease virus 146 S antigen before
It has been observed that IL-2 when administered in and after binding to a solid phase or complexing with specific anti-
oil adjuvant can overcome the MHC-linked genetic non- body. J Immunol Methods 1985;82:91.

responsiveness to antige[riﬁ] which is also a major prob- [17] Schijns VECJ, Claassen, lvo JThM, Vermeulen AA, Horzinek MC,
; Osterhaus ADME. Modulation of antiviral immune responses by ex-

lem encountered .Whlle Contm”mg FMD by. Vacc,matlon'_ ogenous cytokines: effects of tumor neuroses faetointerleukin-

Thus, further studies may be carried out to investigate this la, interleukin-2 and interferon-on the immunogenicity of an in-

beneficial effect of IL-2 with FMD viral antigens. activated rabies vaccine. J Gen Virol 1994;75:55-63.

The results of present study would be of major importance [18] Reddy PG, Blecha F, Minocha HC, Anderson GA, Morrill JL,

if recombinant cytokines such as IL-2 when used as adjuvants ~ Fédorka-Cray PJ, et al. Bovine recombinant interleukin-2 augments
. . . . immunity and resistance to bovine herpes virus infection. Vet Im-

along v_wth the synthetic or recombme_m_t structural proFems of munol Immunopathol 1989:23:61—74.

FMD virus enhance the immunogenicity of these antigens. [19] anderson PH, Ochoa AC, Estrada J. IL-2 in liposomes as an im-

munological adjuvant. FASEB J 1989;4:A318.
[20] Mbawuike JN, Wyde PR, Anderson PM. Enhancement of the pro-
tective efficacy of inactivated influenza A virus vaccine in aged mice
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