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ABSTRACT

Objective: It has long been known that chickens, like mammals, are
capable of producing antigen-specific immunoglobulin Y (IgY), which
functions similar to 1gG. The present study was performed to investigate
the activity of IgY anti-Mycobacterium tuberculosis on proliferation,
interleukin (IL)-2, and interferon (IFN)-y expression of rat peripheral blood
mononuclear cells (PBMCs). Materials and Methods: The activity of IgY
anti-M. tuberculosis in different doses (25, 50, and 100 pug/ml) on rat PBMCs
proliferation was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide assay. The production of [L-2 and IFN-y in the PBMC
supernatant was determined using enzyme-linked immunosorbent assay.
Investigation was performed on mRNA expression of -2 and IFN-y by
reverse transcription-polymerase chain reaction (RT-PCR). Results: IgY
anti-M. tuberculosis significantly increased the proliferation of rat PBMC.
Furthermore, IgY anti-M. tuberculosis dose dependently increased -2
and IFN-y production in PBMC, suggesting that pharmacological activities
of IgY anti-M. tuberculosis in PBMC may be mediated by regulating the
production of cytokines. In the RT-PCR, expression of cytokines such as
|2 and IFN-y in PBMC cultures was increased by IgY anti-M. tuberculosis.
Conclusions: \We concluded that increasing IL-2 and IFN-y productions
in PBMC was related to IgY anti-M. tuberculosis, stimulating the mRNA
transcription (gene expression) of these cytokines which can induce
proliferation of PBMC.

Key words: Immunoglobulin Y anti-Mycobacterium tuberculosis,
Interferon-y, interleukin-2, rat peripheral blood mononuclear cell

SUMMARY

e Lohman laying hens immunized intramuscularly with antigens of
M. tuberculosis can produce specific IgY anti-Mycobacterium tuberculosis
complex

e IgY anti-M. tuberculosis significantly increased the proliferation of rat
peripheral blood mononuclear cell (PBMC)

e |gY anti-M. tuberculosis dose dependently increased interleukin 2 (IL-2) and
interferon (IFN)-y production in PBMC

* In the reverse transcription-polymerase chain reaction, expression of
cytokines such as 112 and IFN-y in PBMC cultures was increased by IgY
anti-M. tuberculosis

INTRODUCTION

Hens’ eggs have long been known as an excellent source of nutrients for
humans and also an important source of antibodies. In the eggs from
chicken (Gallus domesticus), the major antibody is called immunoglobulin
Y (IgY)." The laying hens are used to produce polyclonal antibodies as
an alternative to the use of mammals, such as rabbits, and since more
than two decades, egg yolk antibodies are of low cost and serve as an
ethical alternative.”) Compared to mammalian antibodies, IgY possesses
several biochemical advantages such as its simple purification from egg
yolk. IgY can be easily obtained noninvasively and prevents a stressful
moment in animal handling.®

The natural transfer of antibodies that occurs from hen to chick via the egg
yolk can be exploited to produce antibodies specific to a given pathogen,
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e The increasing IL-2 and IFN-y productions in PBMC were related to stimulation
on MRNA transcription which can induce proliferation of PBMC.

\]/ Table 2: Effects of IgY anti-VL.TB on IL-2 and IFN-y levels
” -2 (pg N-y (p2)
IgY Anti M.TB Group IL-2 :p: ‘ml) IFN-y (pg/ml)
IgY anti-M.TB 0 pg/mL 1417196
‘]/ IgY anti-M.TB 25 ug/mL 153.9%= 164
Rats PBMC . ELISA IzYani-MTB 50 ug/mL 169. 3
IeY anti-MTB 100 pgmL° 1945 17.8

J

RT-PCR analysis

Superscript within <ach column indicate a signifieant difference befween the means
(p<0.09).

1 2 3

B-actin 552 bp
IFN-y 413bp

IL-2 226 bp

Abbreviations Used: IgY anti-M. tuberculosis: Immunoglobulin Y
anti-Mycobacterium tuberculosis; 11-2: Interleukin-2; IFN-y: Interferon-y;
PBMCs: Peripheral blood mononuclear cells.
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simply by immunizing the laying hens with an antigen from this targeted
pathogen.! Recently, the utilization of IgY from eggs of chickens,
which were immunized against certain pathogens, has been the focus of
attention in immunotherapy and immunodiagnosis, since IgY antibodies
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are the predominant serum Ig transferred to egg yolk to confer passive
immunity to embryos and neonates. Therefore, research and diagnostic
community constantly demands new alternatives and procedures to
produce cost-effective antibodies.”! Sudjarwo et al. (2017) have reported
that IgY anti-Mycobacterium tuberculosis was successfully elicited by
immunizing the hens with formalin-inactivated M. tuberculosis antigen
emulsified in Freunds adjuvant. The IgY concentration in egg yolk
increased during the immunization period until week 6 where it began
to increase dramatically at 2 weeks and it reached a plateau at 4 weeks
after immunization. After week 6, the levels decreased gradually.'® The
immunization of hens with M. tuberculosis could be a strategy to obtain
atlow cost a relatively high concentration of anti-M. tuberculosis egg yolk
IgY, which could be a useful tool for research, diagnosis, and therapy
of M. tuberculosis infection. Considering the epidemiological change in
TB disease in developing countries around the world and the rise in the
morbidity of the disease, it would be of interest to develop an alternative
for the immunotherapy of M. tuberculosis infection.®

We developed a new immunotherapy from chickens immunized with
the M. tuberculosis antigen that can be used against M. tuberculosis.
Evaluations of immunoregulatory agents provide valuable information
during assessments of IgY as immunotherapy. Proliferation and
cytokine (interleukin 2 [IL-2], interferon-y [IFN-y]) productions
are two key functions of immune cells, and as such, are important
to examine during any evaluation of immunotherapy potential of a
given IgY anti-M. tuberculosis. The mitogen-induced proliferation of
lymphocyte is often a preferable assay that correlates with the status
of cell-mediated immunity in a host after exposure to IgY.”*! In this
context, immunotherapy serves as a powerful tool to restore the
protective immune response. Cytokines are important molecules in
innate immunity.”? CD4 + T helper cells upon antigenic encounter either
polarize toward Th-1 phenotype (that produces IFN y and IL-2) which
promotes cell-mediated immunity.'®) The present study was designed to
evaluate the activity of IgY anti-M. tuberculosis complex on proliferation,
IL-2, and IFN-y expression of rat peripheral blood mononuclear
cells (PBMCs).

MATERIALS AND METHODS

Preparation of rat peripheral blood mononuclear
cells

Peripheral blood from rats (5 ml per rat) was collected by cardiac puncture
in the presence of heparin as the anticoagulant. PBMC was isolated by
the Ficoll-Hypaque gradient density method as described previously."”
The 20 ml peripheral blood was centrifuged at 2000 rpm, 4°C for 10 min
to remove the plasma. Blood cells were diluted with phosphate-buffered
saline and then centrifuged in a Ficoll-Hypaque discontinuous gradient
at 1500 rpm for 30 min. The PBMC layers were collected and washed
with cold distilled water and 10X Hanks buffer saline solution to
remove red blood cells. The cells were resuspended to a concentration of
2 x 10° cells/ml in RPMI-1640 medium supplemented with 2% fetal calf
serum, 100 U/ml penicillin, and 100 ug/ml streptomycin.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide cell viability assay

The effect of the IgY anti-M. tuberculosis on cell viability of PBMC
was first determined using a colorimetric technique which is
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
assay.”) Briefly, 100 uL of RPMI-1640 media with 10% of FBS was added
to all the wells except row A in the 96-well plate (TPP, Switzerland).
Then, 100 pL of diluted IgY anti-M. tuberculosis at 100 pg/ml was added
into row A and row B. A series of 2-fold dilution of the extract was
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carried out down from row B until row G. Row H was left untouched
and the excess solution (100 ul) from row G was discarded. A volume of
100 wl of lymphocyte (from rat peripheral blood) with cell concentration
at 5 x 10° cells/ml was added to all wells in the 96-well plate to make
up the final volume of 200 ul and thus the extract was diluted into the
concentration range of 100-1.56 ug/ml. All the plates were incubated at
37°C, 5% CO,, and 90% humidity incubator for selected period (72 h).
After the corresponding period of 72 h, 20 ul of MTT (Sigma, USA) at
5 mg/ml was added to each well in the 96-well plate and incubated for
4 hin 37°C, 5% CO,, and 90% humidity incubator. A volume of 170 ul
of medium with MTT was removed from every well and was added to
each well of 25, 50, and 100 pug/mL IgY anti-M. tuberculosis and the
formazan crystal was solubilized by incubating for 20 min in 37°C,
5% CO, incubator. Finally, the plate was read at 570 nm wavelength
using W Quant enzyme-linked immunosorbent assay (ELISA)
Reader (Bio-tekInstruments, USA). Each IgY anti TB and control was
assayed in triplicate in three independent experiments. The percentage
of proliferation was calculated by the following formula:

. . [OD sample-OD control]
% Proliferation = x100
OD control

Determination of interleukin 2 and Interferon-y
production in peripheral blood mononuclear cell

PBMCs (2 x 10° cells/well) were cultured with various concentrations of
IgY anti-M. tuberculosis (25, 50, and 100 pg/mL) for 72 h. The supernatant
samples were collected and stored at —20°C until use. Production of
IL-2 and IFN-y in PBMC supernatant samples was measured using a
sandwich ELISA method (Endogen, Boston, MA, USA), according to
manufacturer’s instructions.

Extraction of total cellular RNA

Total cellular RNA was extracted from PBMCs using a previously
described method." PBMCs (5 x 10° cells) were activated with
various concentrations (25, 50, and 100 pg/mL) of IgY anti-M.
tuberculosis for 72 h. After incubation, the collected cells were lysed
in Tri-Reagent (Molecular Research Center, Cincinnati, OH, USA)
as described in the manufacturer’s protocol. After centrifugation, the
extracted RNA was precipitated with isopropanol. The mixture was
centrifuged, and the total cellular RNA pellet was washed with 75%
ethanol. Diethyl pyrocarbonate-treated water was added to re-dissolve
the RNA pellet before further processing.

Determination of mRNA expression by reverse
transcription-polymerase chain reaction (RT-PCR)

Before the RT-PCR, about 1 pg of total RNA was treated with RNase-free
deoxyribonuclease I (DNase I) (Fermentas, Burlington, ON, Canada),
according to manufacturer’s instructions. First-strand cDNA was
synthesized from about 800 ng DNase I-treated RNA using the
ImProm-IITM Reverse Transcription System (Promega) and oligo (dT)
17 primers, as per the manufacturer’s protocol. RT was carried out at
50°C for 65 min. After cDNA synthesis, the desired DNA fragments
were amplified for 30-35 cycles using DNA polymerase and specific
primers for IL-2, IFN-y, and B-actin transcripts. Primer sequences for
the internal control, actin, were 5-TAC ATG GCT GGG GTG TTG AA-3
for the downstream primer and 5-AAG AGA GGC ATC CTC ACC
CT-3 for the upstream primer. Primer sequences for cytokines were as
follow: for IL-2, 5-AAC TCC TGT CTT GCA TTG CAC TA-3 for the 5
primer, and 5-TTG CTG ATT AAG TCC CTG GGTC-3 for the 3 primer
(Beite Kaito); for IFN-5-AGT TAT ATC TTG GCT TTT CA-3 for the 5
primer, and 5-ACC GAA TAA TTA GTC AGC TT-3 for the 3 primer.
The final PCR products were subjected to electrophoresis and stained
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with EtBr. The DNA bands corresponding to IL-2, IFN-y, and f-actin
transcripts were 229, 435, and 656 bp, respectively.

Statistical analysis

Data were reported as means + standard deviation, and levels of
significance were evaluated using one-way ANOVA with least significant
difference test. The differences were considered significant at the level of
P <0.05.

RESULTS

Immunoglobulin Y anti-Mycobacterium tuberculosis
effect on rat peripheral blood mononuclear cell
proliferation

IgY anti-M. tuberculosis effect on human PBMC proliferation was
studied by treating resting cells with 25, 50, and 100 ug/mL IgY
anti-M. tuberculosis for 72 h. Cell proliferation was determined using
nonradioactive cell proliferation assay or MTT assay. Significant
effects on PBMC proliferation were noted after 72 h treatment
with 100 pg/mL IgY anti-M. tuberculosis but not 25 and 50 pug/mL
IgY anti-M. tuberculosis [Table 1]. Moreover, after 72 h treatment,
100 ug/mL IgY anti-M. tuberculosis increased the viability of PBMCs.
IgY anti-M. tuberculosis induced its stimulatory effect on PBMC
proliferation in a concentration-dependent manner.

Effects of Immunoglobulin Y anti-Mycobacterium
tuberculosis on interleukin 2 and interferon-y levels

Immunotherapeutic activity of IgY anti-M. tuberculosis can be measured
by detecting the changes in the production of immune molecules such
as cytokines. To elucidate the molecular mechanisms underlying IgY
anti-M. tuberculosis’ biological effect on rat PBMCs, we measured the
levels of IL-2 and IFN-y using ELISA. IL-2 and IFN-y productions
were increased by IgY anti-M. tuberculosis in a dose-dependent
manner [Table 2]. IL-2 and IFN-y productions were significantly
increased by 100 pg/mL IgY anti-M. tuberculosis but not 25 and
50 ug/mL IgY anti-M. TBC.

Interleukin 2 and interferon-y mRNA expression of
ImmunoglobulinY anti-Mycobacterium tuberculosis
complex

To determine whether the stimulation of cytokine production in activated
rats PBMCs treated with 25, 50, and 100 ug/mL IgY anti-M. tuberculosis
was due to a transcriptional impact, we extracted total RNA from treated
cells and determined the levels of IL-2 and IFN-y mRNA using RT-PCR.
The remarkable impact of IgY anti-M. tuberculosis on the mRNA levels
of the cytokines is shown in Figure 1. Lane 1: control (0 ug/ml IgY
anti-M. tuberculosis), Lane 2: 25 ug/ml IgY anti-M. tuberculosis, Lane
3: 50 ug/ml IgY anti-M. tuberculosis, and Lane 4: 100 ug/ml IgY’
anti-M. tuberculosis. The RT-PCR results proved that production of
cytokines such as IL-2 and IFN-y in PBMC cultures was increased by IgY
anti-M. tuberculosis. By RT-PCR, we have demonstrated that 100 pg/ml
but not 25 and 50 pg/ml IgY anti-M. tuberculosis did affect IL-2 and
IFN-y gene expression in PBMC. We suggested that increasing IL-2 and
IFN-y productions in PBMC were related to IgY anti-M. tuberculosis,
stimulating the mRNA transcription of these cytokines.

DISCUSSION

It has long been known that chickens, like mammals, are capable of
producing antigen-specific IgY, which functions similar to IgG, in
response to an antigenic stimulus.!"" IgY is continually synthesized,
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Table 1: Proliferative effect ofimmunoglobulin Y anti-Mycobacterium
tuberculosis on rat peripheral blood mononuclear cells

Group Means+SD
Proliferation effect (%)

IgY anti-M.TB 0 ug/mL 103.2°+12.5

IgY anti-M.TB 25 pug/mL 96.8°+9.1

IgY anti-M.TB 50 pug/mL 110.7°+10.3

IgY anti-M.TB 100 pg/mL 129.2°49.8

Superscript within each column indicate a significant difference between the
means (P<0.05)

Table 2: Effects of immunoglobulin Y anti-Mycobacterium tuberculosis on
interleukin-2 and interferon-y levels

Group IL-2 (pg/ml) IFN-y (pg/ml)
IgY anti-M.TB 0 pg/mL 141.7°+19.6 2113.12°+£141.8
IgY anti-M.TB 25 ug/mL 153.9'+16.4 1958.41%+138.6
IgY anti-M.TB 50 ug/mL 169.7°+21.3 2273.78*+153.3
IgY anti-M.TB 100 pg/mL 194.5°+17.8 2436.97°+146.5

Superscript within each column indicate a significant difference between the
means (P<0.05)

excreted into the blood, and transferred to the egg yolk, where it is
accumulated.!”?! Recently, considerable research has focused on the use
of IgY as an alternative to mammalian antibodies for several applications,
including for immunotherapeutic applications, especially for the oral
passive immunization against various bacteria and viruses.'*'¥ Many
researchers have also used IgY as a replacement for IgG in various
immunodiagnostic and immunotherapy purposes. The use of IgY offers
several advantages over polyclonal antibodies produced in mammals,
including providing a much more hygienic, cost-efficient, convenient,
humane, and plentiful source of antigen-specific antibodies.***! In
the present study, we assessed the potential immunomodulatory
properties of IgY anti-M. tuberculosis by analyzing proliferative
responses and cytokine profiles in rat PBMCs. The result demonstrates
that IgY anti-M. tuberculosis can increase IL-2 and IFN-y productions
and proliferation of rat PBMCs in a dose-dependent manner. This
observation in the present work indicates that IgY anti-M. tuberculosis
possesses immunological properties in vitro using rat PBMCs as target
cells. We suggest that immune stimulatory of IgY anti-M. tuberculosis on
PBMC proliferation may have involved the regulation of IL-2 and IFN-y
production in the rat PBMC cultures.

The major role of these cytokines is to control antibody- and cell-mediated
immunity."? These findings were similar to our previous study results
of IgY for immune modulation properties. It has been demonstrated in
many previous studies with T-cells that a series of genes such as IL-2
and IFN-y are pivotal in the proliferation of T-lymphocytes against
antigen (bacterial and viral) infection.”? Regulation of T-lymphocyte
activation and proliferation and cytokine production has been shown
to be one of the actions of immunomodulatory IgY. Many studies have
indicated that the production of cytokines such as IL-2 and IFN-y is
involved in the regulation of PBMC proliferation.!'*!”!

IgY anti-M. tuberculosis immunotherapy is thought to enhance
T-helper 1 (Th-1) response, resulting in the release of type-1 cytokines
(IL-2, IL-12, IL-15, and IFN-y) and putatively augments cell-mediated
immunity. The results of RT-PCR have shown that the levels of IL-2 and
IFN-y expression could be enhanced by IgY anti-M. tuberculosis in rat
PBMC:s. This study clearly describes that IgY anti-M. tuberculosis can
increase IL-2 and IFN-y expressions which have an important role in
the regulation of PBMC proliferation. As we know, interaction of T-cells
with antigens initiates a cascade of gene expressions such as IL-2 and
IFN-y mRNA that induce the resting T-cells to enter the cell cycle
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B-actin 552 bp
IFN-y 413 bp

500 bp

IL-2 226 bp
100 bp

Figure 1: Reverse transcription-polymerase chain reaction analysis
of interleukin 2 and interferon-y expression in rat peripheral blood
mononuclear cell treated with immunoglobulin Y anti-Mycobacterium
tuberculosis (0, 25, 50, and 100 ug/mL) for 72 h. Representative result is
shown on 2% agarose gel electrophoresis displaying mRNA transcripts
of interleukin 2, interferon-y, and B-actin. Lane 1 = control (0 ug/mL
immunoglobulin Y anti-Mycobacterium tuberculosis); lane 2, 3, and 4 =
Immunoglobulin Y anti M. tuberculosis (25, 50, 100 pg/mL)

(GO to Gl transition) and culminate in the expression of secretion of
IL-2 and IFN-y.l*1718] I response to IL-2, the activated T-cells’ progress
through the cell cycle and proliferate and differentiate into memory cells
or effector cells. It indicates that IgY anti M. tuberculosis is a promoter
of Thl response. We concluded that the enhancements of IL-2 and
IFN-y productions in PBMC were related to IgY anti-M. tuberculosis
stimulating the mRNA transcription of these cytokines. The results
suggest that IgY anti-M. tuberculosis might be an immunotherapy source
that can potentially alter cytokine secretion proliferation in PBMCs.

CONCLUSION

In the present study, IgY anti-M. tuberculosis increased IL-2 and
IFN-y productions and proliferation in rat PBMCs. We concluded
that the increasing IL-2 and IFN-y productions in PBMC were related
to IgY anti-M. tuberculosis, stimulating the mRNA transcription
(gene expression) of these cytokines which can induce the proliferation
of PBMC.
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