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SUMMARY

In the present study, we describe the potential role of melatonin, a pineal hormone, in regulating the
activation of the antigen-specific T cell response. Melatonin encouraged the proliferation of Th cells and
improved their ability to secrete IL-4, but down-regulated the levels of IL-2 and interferon-gamma
(IFN-v). Melatonin, however, could not exert any influence on the T cells of unprimed mice. On
studying the regulation of subclass of IgG isotype, melatonin specifically enhanced the secretion of
antigen-specific IgG1 antibodies and decreased the yield of IgG2a isotype. The results suggest that
melatonin possibly acts by selectively activating a Th2-like immune response.
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INTRODUCTION acute restrain stress or by corticosterone treatment. Also, melato-

CD4*" T cells can be subdivided into two subsets, Thl and Th2'!N Was found to restore impaired Th cell activity in mice

cells [1]. Thl clones produce IL-2, interferon-gamma (IfFN- |[r1n(;nluln]odepressed by ageing or by cyclophosphamide treatment
lymphotoxin, etc., and induce cell-mediated immunity, and Th2""_~~" .

- The present study was undertaken to examine the role of
clones secrete IL-4, IL-5, IL-10, etc., and are responsible for latoninin Vivo i loumi ific T cells b luating th
humoral immunity [2,3]. Thl and Th2 cells also differ in their mea?mmr} :llivg'rFovalLuTm'Zﬁeg Ic i cells Ry evl? u; lng_b%
ability to stimulate B cells to secrete various kinds of isotypes. Thers]ecre lon of IL-2, 1FNy, IL- ana gt ISolypes. Resulls describe

. . L - ere suggest that melatonin possibly acts on Th2-type cells, as
regulation of 1gG isotype switchingn vivo will depend upon the evidenced by predominant secretion of IL-4. 1aG1 antibodv. but
types of Th cell and B cell interaction, and the involvement of T VI y P : ' 19 ibody, bu

cell-derived lymphokines. Thl clones were shown to elicit IgGZanOt IL-2, IFN-y and 19G2a subtype production.
antibody secretion, whereas Th2 clones induce the production of
IgG1 antibodies [4]. Furthermore, the regulation of the subclass of MATERIALS AND METHODS
immunoglobulin by lymphokines has also been studtedtro in a Animals
polyclonal system using lipopolysaccharide (LPS). It was showny,, o4 female BALB/c mice 8—10weeks old were obtained from
that IL-4 induces the secretion of IgG1 and IRNenhances the . |1stitute’s Animal House Facility.
output of IgG2a [5].
Melatonin (N-acetyl-5 methoxytryptamine) is regarded as theDrug, antigen, antibodies

major hormone of the pineal gland. It is also secreted by lymphoy,a|atonin (Morepen Laboratories, Parwanoo, India), biotinylated
cytes and plays an important role in the immune system [6'7]goat anti-mouse 1gG1, IgG2a, IgG2b, 1gG3 and steptavidin-
Melatonin belongs to the group of indolamines. Indolamines haVEfabeIIed horseradish peroxidase (HRP; Sera Labs, Crawley
been shown to modulate the cytotoxicity of natural killer (NK) Down, UK), ovalbumin (OVA), 2,2-azino-bis (3-ethylbenzthiazo-
cells, modify antibody responses, inhibit the proliferation of line-6-sulphonicacid)-diammonium salt (ABTS), streptavidin—

lymphocytes activated by mitogen and the production of #N- | pp by drogen peroxide and tetramethylbenzidine were procured
by human T cells [8,9]. It has also been reported that admlnlstratloq:rom Sigma (St Louis, MO). Recombinant murine 1L-2, IFNL-

of melatonin increases the antibody response to various antigerlﬁ monoclonal anti-mouse IFM-and biotinylated polyclonal goat
and restores the antibody production in mice immunodepressed bé(nti-mouse IFNy antibodies were purchased from Genzyme

(Cambridge, MA). Antibodies to IL-4 (11B11) were purchased
Correspondence: Dr Javed N. Agrewala, Institute of Microbial Tech-from Texstar (Dallas, TX). Anti-IL-2 MoAbs (cocktail of TIB222,
nology, Sector-39A, Chandigarh-160036, India. HB8794 and CRL 1698) were used as a culture supernatant.
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Cell lines and hybridomas Later on, streptavidin—HRP, followed by hydrogen peroxide and
The cell lines and hybridomas used in this study, HT-2 (CRL-tetramethylbenzidine (Sigma) were used for detection. Titration
1841), TIB222 (PC61-5.3), CRL 1698 (7D4) and HB 8794 (S4B6)curves of recombinant IFN-(Genzyme) were used as standards

were procured from ATCC (Rockville, MD). for calculating cytokine concentrations in the samples tested. The
usual steps of incubation and washing were followed at each
Immunization protocol step. The limit of detection for IFN-was routinely in the range

OVA (2mg/ml) was dissolved in PBS (0-01 pH 7-2) and emul-  15-30 pg/ml.

sified in Freund’s complete adjuvant (FCA). Emulsion (LOQvas

then injected intraperitoneally in the groups of five female BALB/c Determination of OVA-specific IgG isotypes by ELISA

mice. Control animals were injected with PBS. After 1week, aThe production of OVA-specific antibodies was measured in the
booster dose of the antigen was repeated. Five days beforgera 24 h after the last injection of melatonin. Ninety-six-well
bleeding, the animals were injected subcutaneously daily wittmicrotitre plates (Costar, Cambridge, MA) were coated overnight
melatonin (10, 20 and 50 mg/kg body wt of mice). The control with 50ul of OVA (25 ug/ml) in carbonate-bicarbonate buffer,
animals were immunized intraperitoneally with 0-1ml each of0-05v, pH9-6 at 4C. After extensive washing with PBS—Tween
placebo (PBS) and ethanol—-PBS. After 2 weeks, draining poplitea20 (PBS—T) buffer, 5@I of blocking buffer (3% skimmed milk in
lymph node (LN) cells from each group were removed and pooled®BS—T) were applied to the wells and incubated atC37or

for T cell proliferation and blood was drawn and sera used for the90 min. The blocking buffer was removed and Jadjlutions of

guantification of IL-2, IFNy, IL-4 and IgG isotypes. test and control sera were added. The reaction was allowed to
proceed at 3T for 2 h. The microplates were washed ang.b6f
T cell proliferation biotinylated goat anti-mouse 1gG1, 1gG2a, 1gG2b and IgG3 were

LN cells (1-5x 10°well) obtained from different groups of five added. The plates were incubated at@Tor 1 h. After the usual
mice (i.e. immunized with OVA and melatonin, 1, 10, 20 and washing steps, 5@ of streptavidin—HRP were added to each well
50 mg/kg body wt, OVA-PBS, OVA—ethanol, PBS, etc.) were and the plates were incubated at’@7or 1 h. The plates were
cultured in triplicate wells. The cells were challengeditro with washed again before adding @Oof ABTS and were finally
100ug/ml of OVA along with different concentrations of melato- incubated at 37T for 20 min. The reaction was terminated by the
nin (1, 10, 20 and 5@g/ml). The cultures were incubated for 72 h addition of 5Qul of 7% H,SO,. The absorbance was read at 492 nm
at 3PC/7% CQ. The cells were pulsed with 0p&i ®H-thymidine  with a microplate reader (Eurogenetics, Torino, ltaly). Antibody
for 16 h before harvesting by automatic cell harvester (Skatrontitres were expressed as the highest dilution of serum that yielded
Lier, Norway). ®H-thymidine incorporation was measured by an optical density (OD) of 0-2 above the control wells.

standard liquid scintillation counting. Results are expressed as

mean ct/min of triplicate cultures. Statistical analysis
The data were analysed by one-way analysis of variameevi)
Lymphokine assay followed by Dunnet'st-test. P<0-05 was considered statistically

IL-2 and IL-4 were measured using HT-2 cell$e blood from  significant.
experimental and control animals was collected 24 h after the last
melatonin injection. The sera were separated and levels of IL-2 and RESULTS
IL-4 were measured by their respective abilities to induce the
proliferation of HT-2 cells as described earlier [12]. Briefly, Melatonin enhances the proliferation of OVA-specific CDB
1x 10%well of HT-2 cells were cultured in 96-well microtitre cells
plates containing medium and various concentrations of serunn the present study, we analysed the stimulatory potential of
obtained from the control and experimental animals. For themelatonin on the proliferation of antigen-specific T cells. T cell
selective inhibition of IL-2 and IL-4 lymphokines, antibodies to responsiveness to melatonin was observed in a dose-dependent
IL-2 (culture SN in 1:12 dilution of CRL 1698, TIB222 and HB manner. LN cells of BALB/c mice immunized with 50 mg/kg body
8794) and IL-4 (11B11, Ag/ml) were used, respectively. The wt of melatonin showed maximum proliferatioR £ 0-001) (Fig.
specificity of the assay for measuring IL-4 was established byl). In contrast, a 1-mg dose of melatonin stimulated T cells to
inhibiting the proliferation of HT-2 cells induced by the sera lesser degree. On evaluating timevitro stimulatory capacity of
obtained from the animals immunized with OVA and challengedmelatonin, it was noticed that T cell proliferation peaked when
with 50 mg of melatonin by anti-IL-4 antibodies. Similarly, the 12-50ug/ml of melatonin was incorporated into the cultures.
specificity of IL-2 was checked by anti-IL-2 antibodies. The cells Higher doses brought about a decline in T cell responses. Control
were incubated for 16h at 32, pulsed with 0-%Ci of 3H- cultures containing the cells obtained from the OVA-unimmunized
thymidine and harvested 8h latefH-thymidine incorporation  animals, immunized with PBS, ethanol-melatonin, or melatonin
was measured by liquid scintillation spectrometry. All data areonly did not show significant T cell proliferation.
calculated from the mean ct/min of triplicate determinations as U/

ml of IL-2 and IL-4 as computed by comparison with the standardMelatonin increases the production of IL-4 and inhibits the
curve using recombinant IL-2 or IL-4 (Genzyme). secretion of IL-2 and IFNy

IFN-y was measured by ELISAFN-y was estimated using The role of melatonin on thm vivo secretion of IL-2, IFNy and
appropriate purified and biotinylated antibody pairs for WN- IL-4 was evaluated in the sera of animals immunized with OVA. It
(Genzyme) according to the manufacturer's protocols. Briefly,is of particular interest to mention here that melatonin significantly
50ul of the purified anti-mouse IFN- MoAbs were adsorbed (P<0-001) enhanced the levels of IL-4 (from 1-96 to 16-8 U/ml)
overnight on polystyrene microtitre plates &iC4 The samples and decreased the production of IL-2 (from 4-2 to 0-53 U/ml) and
were followed by biotinylated polyclonal goat anti-mouse IFN-  IFN-y (from 26 to 12 pg/ml) compared with animals administered
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Fig. 1. Melatonin augmented the proliferation of ovalbumin (OVA)- ° 37 %N < g =
specific T cells. Different groups comprising five animals were immunized c S S S < <
with OVA, followed by melatonin administration daily for 5days before b
lymph node (LN) cells were harvested (inset legend). Th cells{18/
ml) were culturedin vitro with 100ug/ml OVA and varied doses of 30 —
melatonin. After 72 h3H-thymidine was added, and its incorporation was (b)
measured 16h later by liquid scintillation spectroscopy. The control
cultures consisting of cellss melatonin, no OVA (1592 305 ct/min),
cells + medium only (952 586 ct/min) and LN cells of animals immu- 25|
nized with PBS—ethanol (1168763 ct/min) could not induce significant
levels of T cell proliferation. Data are the mean ct/min of three determina- —
tions, the s.d. values were generall0% of the actual ct/min. g
(o]
2 2}
OVA only (Fig. 2a,b). The greatest stimulation for the production Z>
of IL-4 was provided by 10 mg of melatonin inoculated in the w
animals. In contrast, 50 mg of melatonin showed the maximum
inhibition in production of IFNy (Fig. 2b), but the variation in the 15 -
dose of melatonin had little effect on the levels of IL-2. No
detectable amount of lymphokines was observed in the case of —
control animals inoculated with PBS, melatonin—ethanol or mel- ‘ ‘ ‘ ‘ ‘
. 2] 9] co co co
atonin alone. @ m € E c € c E
i Lo £9 23
a © © ©
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antibodies <
w

The impact of melatonin on the production of OVA-specific IgG
isotype was rnonitored. in sera of the animals. Interestingly, amongg. 2. (a) Melatonin enhances IL-4 and down-regulates the production of
the different isotypes, i.e. IgG1, IgG2a, IgG2b and IgG3 analysediL-2. The levels of IL-4 @) and IL-2 (J) were monitored in the serum of
significant increasesP(< 0-001) in the secretion of OVA-specific animals immunized with ovalbumin (OVA) and followed by melatonin and
IgG1 antibodies were detected in the sera of OVA-primed micecontrol, PBS and PBS—ethanol. Sera were collected 24 h after the last
administered with melatonin (antibody titre 65 536) compared withinjection of melatonin and assayed for IL-4 and IL-2 using HT-2 cells. IL-2
animals immunized with OVA alone (antibody titre 3248) (Fig. 3). activity was assayed in the presence of 11B11 MoAb (600 ng/ml) and IL-4
The animals immunized with 10 mg of melatonin elicited greatestsecretion was measured in the presence of anti-IL-2 MoAb (cocktail of 1:12
secretion of IgG1 isotype. On increasing the dose of melatonind"u“on of culture SN of CRL 1698, HB 8794 and TIB222). The specificity

. . . of IL-4 and IL-2 was established by blocking the proliferation of HT-2 cells
(20-50 mg/kg body wt), the yield of IgG1 antibodies decreasedby their respective MoAbs (for details see Materials and Methods). All data

Further, melatonin down-regulated the level of IgG2a isotype yicyjated as U/ml are from the mears.d. of triplicate determinations. (b)
(antibody titre 960) compared with animals inoculated Wwith pmelatonin decreases the secretion of IFNThe level of IFNy was
OVA (antibody titre 3686) in the absence of melatonin. No measured in the serum by ELISA. Sera were collected from the immunized
excessive changes were noticed in the case of IgG2b and IgG&himals as mentioned in the legend to (a). All data calculated from the
isotypes. No detectable level of 1gG isotypes was seen in theneants.d. of triplicate determinations as pg/ml were computed by
control group of mice inoculated with melatonin—ethanol, mela-comparison with the standard curve using recombinant{Hi&enzyme).
tonin only or PBS.

cells, respectively [13—18]. The maturation and differentiation of
naive CD4" T cells are influenced by a number of factors,
including antigen dose, the nature of peptide/MHC complex,
The induction of cell-mediated (CMI) or humoral immunity (HI) to exposure to cytokines and costimulatory molecules, the kind of
protein antigens is dependent on the activation of Thl and Th2djuvants and the type of antigen-presenting cell (APC) [19-23].

DISCUSSION
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70 000 — has also been reported earlier that IL-4 induces the production of
IgG1, and IFN« primarily activates B cells to secrete IgG2a [5]. It
60 000 - may be concluded from these experiments that melatonin also
50 000 | 1. pPBS augments the ability of Th cells to help B cells, as evidenced by
o 2. ethanotPBS augmentation of the levels of IgG1 secretion. Preferential produc-
'i 40 000 |- NY. melatonin (10 mg/ml) tion of IgG1 antibodies is of particular interest, since this isotype
g Il melatonin (20 mg/ml) binds to mast cell receptors and can mediate mast cell degranula-
S 30000 E=. melatonin (50 mg/ml) tion that may confer increased resistance to nematode parasites and
b 20 000 may contribute to its ability to induce anaphylaxis [25,26].
Such considerations which could selectively enhance Thl or
10 000 - Th2 cells are pertinent in designing strategies by using drugs such
0 L 0 § as melatonin, which could regulate the activation of the Th subtype
IgG1 lgG2a lgG2b 1gG3 and production of IgG1l isotype, that will subserve different

biological functions and hence induce an optimal immune response
Fig. 3. Melatonin increases the secretion of IgG1 isotype. Sera fromtO @ particular type of pathogen.

animals immunized with melatonin were analysed for the production of
ovalbumin (OVA)-specific 1gG isotype by ELISA. The inset legend
indicates thdan vivo immunization of the animals with OVA, and 5 days
before bleeding the animals were injected subcutaneously daily with
different doses of melatonin. Antibody titres are expressed as the highe
dilution that yielded an optical density of 0-2 above the control wells.

The cytokine milieu present during the priming of naive T cells
determines the ultimate pathway of differentiation. Thl cell
development is positively influenced by IL-12 and IRNN-
while the cytokines IL-4 and IL-10 are thought to favour Th2
differentiation [24].

Melatonin is not only produced by the pineal gland but can also ,
be synthesized by macrophages/monocytes [6,7]. It plays an
important role in modulating the immune system. Treatment of 3
B cells with melatonin resulted in an increased production of
antibodies. Similarly, the function of T cells was shown to be
enhanced with melatonin treatment [10,11].

In this study we have attempted to analyse the role of melatonin
on the activity of OVA-specific T cells by monitoring the prolif-
eration and lymphokine secretion and on B cells by estimating the
production of 1gG isotypes. Three major findings have emerged
from this study. Melatonin predominantly enhanced: (i) prolifera- g
tion of antigen-specific Th cells; (ii) production of OVA-reactive
IgG1 isotype; and (iii) secretion of IL-4. Levels of IL-2 and IFN-
were decreased in melatonin-treated mice. 7

Thus melatonin could convert antigen-specific Th cloires
vivo to predominantly secrete IL-4. It could be argued that the
original OVA-primed Th cells were the mixture of Thl and Th2
cells (Fig. 2), the latter of which might have received a stimulus
generated by melatonin leading to clonal expansion of Th2 cells
engineered by IL-4. It is of interest to mention here that melatonin
could not influence the secretion of IL-4 by naive T cells of the
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