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Abstract

Background: Seasonal influenza outbursts present a considerable challenge for health providers. Therefore, great efforts are made to vaccinate as many individuals as
possible to avoid loss of labor days, unnecessary admissions and complications. The vaccine used in our country during the 2014-2015 seasons contains the following
influenza strains, i.e., A/California (H1IN1), A/Texas (H3N2) and B/Massachusetts. Vaccinated people react by mobilizing all components of the immune system.
The aim of the study was to examine the vaccine effect on human peripheral blood mononuclear cells (PBMC) activation and their capacity for inflammatory cytokine
production.

Methods: PBMC were incubated for 24 hrs without or with lipopolysaccharide or for 48 hrs with phorbol meristate acetate and ionomycin to determine the secretion
of TNF-a, IL-1B, IL-6, IL-1ra and IL-10, IL-2 and IFN-y by non-stimulated or stimulated PBMC. Influenza vaccine was added at the onset of cultures at the
following concentrations: 0.08 pl/ml, 0.2 pl/ml and 0.5 pl/ml.

Results: Incubation of non-stimulated PBMC with influenza vaccine caused a marked increase in IL-2 and IFN-y production. The secretion of the other pro- and
anti-inflammatory cytokines tested was not affected by incubation with the vaccine.

Conclusions: Considering the increased production of IL-2 and IFN-y following incubation of PBMC with influenza vaccine viruses and the central role of these
cytokines as stimulators of cellular and humoral activity, T and NK cell proliferation, and as promoters of macrophages to kill phagocytized pathogens, efforts should
be made to vaccinate as many individuals as possible to prevent influenza spreading.

Condensed abstract

The vaccine against influenza used in our country during the 2014-
2015 seasons contains the following strains: A/California (HIN1),
A/Texas (H3N2) and B/Massachusetts. The study was designed to
examine the vaccine effect on capacity for cytokine production by
human peripheral blood mononuclear cells (PBMC). PBMC were
incubated with influenza vaccine and the secretion of TNF-a, IL-1f,
IL-6, IL-1ra, IL-10, IL-2 and IFN-y was examined. Influenza vaccine
caused a marked increase in IL-2 and IFN-y production. Since these
cytokines act as stimulators of cellular and humoral activity, efforts
should be made to vaccinate as many individuals as possible to prevent
influenza spreading.

Introduction

Seasonal outbursts of influenza are associated with considerable
health risks terminating with comorbidity and even mortality.
According to Laidlaw et al, [1] influenza virus epidemics are the cause
of about 36,000 annual deaths in the United States. Needless to say
therefore, that these influenza epidemics present a serious therapeutic
and financial burden to health providers. Since older individuals,
immune-compromised and immunosuppressed patients are easy
targets to viral invasions, health insurance establishments make great
efforts to protect as many individuals as possible by vaccination with
inactivated influenza viruses. It is notable that following influenza
virus invasion the organism mobilizes various arms of its immune
defenses, such as production of specific antibodies, macrophages
stimulated for cytokine production, as well as activation of influenza
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virus specific T cells in order to protect it. It has been shown that a
combination between CD8* T cells with influenza virus-specific
non-neutralizing antibodies provides solid protective immunity [1].
Similarly, virus-specific CD4* T cells, not only exert a direct cytotoxic
effect, but also provide help to CD8" T cells [2,3]. The protective role
of the peripheral blood mononuclear cells (PBMC) against influenza
viral infections merits attention. The interactions between these cells
and influenza viruses triggers several functions such as chemotaxis,
phagocytosis, enzyme synthesis, activation of toll-like receptors,
inflammatory cytokine generation, to cite a few of them [4-7]. Due to
repeated exposure to influenza virus infections, the organism develops
strain-specific antibodies that react against circulating viruses which
consequently endure antigenic mutations [3]. While the inflammatory
response is not a prerogative to immune cells only, it has been reported
that these cells, challenged with influenza A virus infections, react by
an intensive production of a lengthy list of chemokines and cytokines
including TNF-qa, IL-1f, IL-6, IL-18 and IFN-a/B, a capacity lesser
pronounced by respiratory epithelial cells [8, 9]. Exposure of human
macrophages to influenza virus resulted in a marked production of
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IL-1 but not of IL-2 [10]. Similar observations have been reported
following influenza vaccination. Mohanty et al. [11] have reported that
the immune response of CD14* and CD16* monocytes from young
and older adults, expressed by TNF-a, IL-6 and IL-10 production was
markedly stimulated following influenza vaccination. The query put
forward in the present study was to evaluate the capacity of PBMC
for cytokine production following incubation with influenza vaccine
in vitro, as a way to prevent the effect of additional potential factors
operating in vivo after influenza vaccination. Israeli Health Authorities
have advised use of influenza vaccine containing three viral strains
ie. A/California (HIN1), A/Texas (H3N2) and B/Massachusetts for
deterrence of a possible seasonal 2014-2015 outbreak. Therefore, it was
decided to use vaccine with these subtypes of influenza viruses in the
present study.

Materials and methods

Cell preparation and culture conditions

Peripheral blood mononuclear cells (PBMC) were separated from
venous blood of adult donors (n=20, aged 49.3 + 6.7 years) by gradient
centrifugation using Lymphoprep-1077 (Axis-Shield PoC AS, Oslo,
Norway). The cells were washed twice in phosphate buffered saline
(PBS) and suspended in RPMI-1640 medium (Biological Industries,
Beith Haemek, Israel) containing 1% penicillin, streptomycin and
nystatin and supplemented with 10% fetal calf serum (designated as
complete medium CM).

Influenza vaccine

Influenza vaccine - Fluarix (split virion, inactivated GlaxoSmith
Biologicals, Branch of SB Pharma GmbH & Co. KG, Dresden,
Germany) containing antigens equivalent to the following subtypes:
A/California/7/2009 (HIN1) pdm09-like strain, A/Texas/50/2012
(H3N2)-like strain, B/Massachusetts/02/2012-like strain. This
vaccine complies with the WHO recommended strains (Northern
Hemisphere) for the season 2014/2015. Each 0.5 ml vaccine contains
15 ug hemagglutinin of each of the recommended strains.

Effect of influenza vaccine on cytokine production

2x10%ml of PBMC suspended in CM were incubated in 24 well
plates ((Nunc, Roskidle, Denmark) for 24 hrs without or with 20 ng/ml
lipopolysaccharide (LPS, E. coli, Sigma) to determine the secretion of
TNF-a, IL-1B, IL-6, IL-1ra and IL-10 by non-stimulated or stimulated
PBMC. Cells were incubated for 48 hrs without or with 1 pg/ml of
phorbol meristate acetate (PMA-Sigma, Israel) and 0.5 pg/ml of
ionomycin (Sigma, Israel) to evaluate the spontaneous or stimulated
production of IL-2 and IFN-y. Influenza vaccine was added at the onset
of cultures at the following concentrations: 0.08 pl/ml, 0. 2 ul/ml and
0.5 pl/ml.

Table 1. Effect of influenza vaccine on pro- and anti-inflammatory cytokine secretion.

Pro-inflammatory Cytokines

The plates were incubated at 37°C in a humidified atmosphere
supplemented with 5% CO,. At the end of the incubation period, the
cells were removed by centrifugation and the supernatants were kept at
-70°C until assayed for cytokine content.

Cytokine content in the supernatants

The concentration of cytokines in the supernatants was tested using
ELISA kits specific for human cytokines (Biosource International,
Camarillo, CA) as detailed in the manufacturer’s guide-line. Each kit is
specific for one individual cytokine. The detection level of cytokines in
each one of the kits was 30 pg/ml.

Statistical analysis

Data was analyzed using one way ANOV A with repeated measures
to analyze the effect of influenza vaccine various concentrations on each
cytokine secretion and two tailed paired Student’s t-test to compare
between cytokine secretion with each dose of the vaccine with that of
the control. The results are expressed as mean + SEM. P value <0.05 was
considered as statistically significant.

Results

Effect of influenza vaccine on pro-inflammatory cytokine
production

Table 1 shows that incubation of either non-stimulated or LPS
stimulated PBMC with the three concentrations of influenza vaccine,
had no significant effect on the production of TNF-a (F3,63=0.012,
p=0.99 or F3,43=0.668, p=0.58, respectively), IL-1p (F3,47=0.298,
p=0.826 or F3,63=0.717, p=0.55, respectively) or IL-6 (F3,47=0.043,
p=0.99 or F3,47=0.701, p=0.56, respectively). However, 5ul/ml
influenza vaccine caused 17% reduction in the secretion of IL-1f
induced by LPS being statistically significant (p=0.0006) (Table 1).

Effect of influenza vaccine on anti-inflammatory cytokine
production

The production of the anti-inflammatory cytokines IL-10 and IL-
1ra by non-stimulated or LPS stimulated PBMC was not affected by the
addition of influenza vaccine at the three concentrations used in the
study (F3,43=0.774, p=0.515 or F3,43=0.205, p=0.89, respectively) for
IL-10 and (F3,43=0.638, p=0.594 or F3,43=0.219 p=0.882 respectively)
for IL-1ra, (Table 1).

Effect of influenza vaccine on IL-2 and IFN-y production

A dose-dependent stimulation of IL-2 or IFN-y generation was
found when non-stimulated PBMC were incubated with increased
concentrations of influenza vaccine between 0.08 - 0.5ul/ml (F3,55=3.8,
p=0.015 or F3,55=3.35, p=0.025, respectively) (Table 2, Figure 1).
Incubation of PMA/ionomycine stimulated PBMC with the same

Anti-inflammatory Cytokines

TNF-a, ng/ml IL-1B, ng/ml IL-6, ng/ml IL-10, ng/ml IL-1ra, ng/ml
Influenza vaccine| Spon n=20 LPS n=12 Spon n=12 LPS n=16 Spon n=12 LPS n=12 Spon n=12 LPS n=12 Spon n=12 LPS n=12
0 0.31+0.03 1.0+0.1 1.6+0.1 55+0.6 114+18 38.1+3.6 0.33+0.03 1.5+0.2 0.73 +0.04 0.95+0.03
0.08 pul/ml 0.33+0.03 09+0.1 1.6+0.2 52+0.5 123+19 37.0+£3.5 0.42+0.06 1.3+0.1 0.79 £ 0.04 0.98 +0.04
0.2 pl/ml 0.32+0.04 1.0+0.1 1.7+0.1 49+0.6 11.8+1.9 36.2+3.0 0.43+£0.04 1.4+0.2 0.07 +£0.04 0.96 +0.08
0.5 pl/ml 0.35+0.04 1.0+0.1 1.5+0.2 4.6 +0.6* 11.8+1.3 373+2.8 0.44 +0.07 1.5+0.1 0.82 +0.06 0.92 +0.05

Effect of influenza vaccine on the secretion of inflammatory cytokines by non-stimulated (spontaneous), or LPS-stimulated PBMC. 2 x106 PBMC were incubated for 24 hrs in the absence
(0) or presence of influenza vaccine at concentrations as indicated. The level of the cytokines in the supernatant was tested by ELISA.
Spont. - spontaneous cytokine production by non-stimulated cells. LPS —lipopolysaccharide stimulated cells. *p=0.0006
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concentrations of influenza vaccine had no significant effect on either
IL-2 production (F3,47=2.05, p=0.104) or IFN-y secretion (F3,47=0.78,
p=0.512, Table 2). At vaccine concentrations of 0.08, 0.2 and 0.5 pl/
ml the spontaneous secretion of IL-2 was enhanced by 20%, 45% and
by 75% (p>0.05, p<0.01, p<0.001 respectively) and that of spontaneous
production of IFN-y by 160%, 240% and 340% (p<0.01, p<0.05, p<0.01
respectively).

Discussion

Human peripheral blood monocytes unrelatedly of their phenotype
react vividly following contact with influenza or other viruses [12]. These
cells were found to be increased in numbers in 90% of all patients with
probable influenza, with or without concomitant lymphopenia [13]. It
has been reported that there is a rapid differentiation of monocytes to
interferon producing myeloid dendritic cells following influenza virus
infection [14]. Similar results have been obtained by Hou et al., [15]
who have achieved a differentiation of human monocytes to dendritic
cells after 18 hours of their contact with influenza and other viruses. The
results of the present study indicate that interaction between peripheral
blood mononuclear cells and the influenza vaccine did not activate
both non-stimulated and LPS-stimulated cells for TNF-a, IL-1p and
IL-6 production. Similar results were observed when the production
of the anti-inflammatory cytokines IL-10 and IL-1ra by PBMC was
evaluated. On the other hand, the results depicted a clear stimulatory
effect of the influenza viruses on IL-2 and IFN-y levels produced by the

Table 2. Effect of Influenza vaccine on IL-2 and IFN-y secretion.

Cytokine IL-2, ng/ml IFN-y, ng/ml
Influenza Spont. PMA/iono Spont. PMA/iono
vaccine n=14 n=12 n=14 n=12
0 0.29 +0.02 237+19 0.37+0.05 33.6+22
0.08 pl/ml 0.35+0.04 209+19 0.97 £ 0.25*% 32.1+£29
0.2 ul/ml 0.42 +0.05%* 18.0+2.4 1.26 +0.31* 31.8+2.0
0.5 ul/ml 0.51 £ 0.06%** 20.6 +2.1 1.63 + 0.41** 34.0+22

Effect of influenza vaccine on the production of IL-2 and IFN-y by non-stimulated or PMA/
ionomycin —stimulated PBMC. 2 x 106 PBMC were incubated for 48 hrs in the absence (0)
or presence of influenza vaccine at concentrations as indicated. The level of the cytokines in
the supernatant was tested by ELISA. Asterisks represent statistically significant difference
from cells incubated without influenza vaccine (¥*p<0.05; **p<0.01; ***p<0.001).

Spont. - spontaneous cytokine production by non-stimulated cells.
PMA/iono (phorbol meristate acetate) stimulated cells. *p<0.05, **p<0.01, ***p<0.001
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Figure 1. Effect of influenza vaccine on the secretion of IL-2 and IFN-y by non-stimulated
PBMC. 2x106 PBMC were incubated for 48 hrs in the presence of influenza vaccine at
volumes as indicated. The level of the cytokines in the supernatant was tested by ELISA.
Each column represents the mean of 14 experiments. Bars represent SEM. Asterisks
represent statistically significant difference from PBMC incubated without influenza
vaccine (*p<0.05;**p<0.01;***p<0.001).
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immune cells. IL-2 is a cytokine that plays a central role in immune
response. It stimulates cellular as well as humoral reactivity. IL-2
stimulates T cell and NK cell proliferation, survival and activation
in vitro [16]. Natural killer cells (NK) play an essential role in the
immune response against influenza infection. NK cells secrete a variety
of cytokines, IFN-y among them being particularly important since it
initiates macrophages to kill phagocytized pathogens [17]. At the early
stages following influenza infection NK cells contain viral replication
obtained by killing of infected cells [18]. IL-2, affecting predominantly
T cells, acts a pivotal factor in the immune defense against viral and
other invaders. It has been shown that IL-2 regulates T-cell motility,
adhesion properties and cell proliferation by enhancing the synthesis of
the endogenous thrombospondin-1 [19]. According to Hua et al., [20]
the concurrent activity of IL-2/IL-2 receptor alpha pathway induces
expression of CD4* T cells with cytotoxic potential against influenza
viruses. In addition IL-2 has been found to be essential in the optimal
activation and survival of CD4* and CD8"* T cells that contribute to the
clearance of influenza virus during primary and secondary infection.
This effect can be achieved either incases that the cytokine acts alone
or concomitantly with IL-21 and IFN-y [21, 22]. During the HIN1
influenza outburst in 2009, Sridhar et al, [23] have observed that
individuals with higher incidence of CD8* T cells producing IFN-y
and IL-2 showed better outcome after the infection. The occurrence of
CD8* T cells’ expansion after influenza infection has been supported
by another study [24]. Following 2009 HINI influenza pandemic,
Weaver et al., [25] have found that humans responded to the infection
by a distinct expression of TNF-a, IFN-y and IL-2 producing CD4*
T cells observed one month post-infection. Considering the fact that
T cells and particularly CD4* cells are the primary target of viruses’
attack in general, the observed in vitro increased production of IL-2
and IFNy by PBMC in the presents study underlines the importance
of these cells in the resistance to influenza virus infection. However,
it should be emphasized that immune cells of other types, such as
CD14" and CD16* monocytes producing TNF-a and IL-6, have been
found to increase in number following influenza vaccination [11].
In our hands, there was not alteration in the production of the pro-
inflammatory cytokine IL-6, although according to Lauder et al., [26] it
has been shown to exert anti-viral responses by modulation of T-cells
function. Working with IL-6 deprived mice the authors have observed
severe lung pathological changes in the animals concomitant with
increased production of the pro-inflammatory cytokines IFN-a and
TNF-a. Giamarellos-Bourboulis et al., [27] have examined TNF-q, IL-
1B and IL-6 concentrations of healthy volunteers at the beginning of
signs of influenza A ([HIN1) infection, cases with flu-like syndrome
and patients with HIN1 fully developed illness. While TNF-a and IL-
1B serum concentrations did not differ between the three groups, IL-6
was found to be elevated in the individuals with flu-like syndrome.
Conversely, human macrophages exposed to influenza HIN1 virus did
not show increase of IL-1B, TNF-a or IL-6 [6], as has been observed
in the present work. One has to keep in mind that the capacity of
the immune cells to produce pro-inflammatory cytokines following
influenza virus infections depends conspicuously on the pathogen’s
virulence degree and on the viral load [28]. The increased production
of IFN-y found in the present work is in line with other reports that
have delineated that influenza A virus stimulated human macrophages
to produce not only IFN-a/B, but also a substantial number of
inflammatory cytokines including IL-18, a cytokine capable to further
induce IFNy expression [9,29].

In short, the present work indicates that three viral strains
integrated in a seasonal influenza vaccine recommended by the Health
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Authorities in this country promoted in vitro production of both
IL-2 and IFN-y, two cytokines pivotal for the antiviral defense of the
organism.
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