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Fab fragment was also identified with a specific 
antibody on Western blots. The presence of car-
bohydrate components of the Fc fragment was 
detected with concanavalin A, recognizing its 
mannosylation site (data not shown). 

Exposure tests and cytokine assays
The influence of chicken IgY, its Fab fragment 
and mammalian immunoglobulins, human and 
goat IgG, on the production of inflammatory 
cytokines was examined with A549, CuFi and 
NuLi cells lines. Other compounds, OVA (pos-
sible contaminant of IgY fraction) and bacterial 
LPS (known inducer of cytokines) (Hansen, L. et 
al. 1999) were also included in the tests. Deter-
mination of cytokines TNF-α, IL-1β, IL-6 and 
GM-CSF in the cell medium was performed 
using the Bio-Plex method. Data are presented 
in Figure 3 for each cytokine separately.
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Figure 2. SDS-electrophoresis on 12% polyacrylamide 
separation gel under reduced conditions. Lines labeled 
as STD, A, B, and C were loaded with molecular weight 
standards (Page Ruler Broad Range), IgY papain digest, 
Fab fraction, and Fc fraction, respectively. Arrows show 
relative mobility of Fc and Fab fragments. The gel was 
stained with Coomassie Brilliant Blue R-250 for proteins.
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Figure 3. Cytokine concentrations in CuFi and NuLi cell 
cultures. Cytokines TNF-α (panel A), IL-1β (panel B), 
GM-CSF (panel C) and IL-6 (panel D) were determined 
by Bioplex assay. CuFi (hatched bars) and NuLi (black 
bars) cells were treated with PBS, the Fab fragment of 
IgY (Fab), chicken yolk immunoglobulin (IgY), human 
IgG (IgG-Hu), goat IgG (IgG-Go), egg ovalbumin (OVA) in 
the final concentration of 1 mg/ml or 80 μg/ml bacterial 
lipopolysaccharide (LPS). Plotted data are means ± S.D. 
of three independent measurements. 
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Effect of IgY on pro-inflammatory cytokine induction

Treatment of A549 cells
The tumor cell line A549 produced cytokines in trace 
concentrations, which did not allow their precise detec-
tion. Cytokine IL-6 was the only detectable analyte. 
In response to the Fab fragment, this cytokine was 
induced to levels comparable to LPS. Other samples 
induced IL-6 to much lower extent. It is possible to con-
clude that goat IgG stimulated the production to higher 
extent than human IgG (data not shown). 

Treatment of NuLi cells
The immortalized cell line NuLi of healthy individual 
secreted detectable amounts of cytokines IL-1β, IL-6 
and GM-CSF. Whereas concentrations of TNF-α were 
close to detection limit (0.6 pg/ml), some increase of 
this cytokine was detected for gIgG exposure. The pro-
duction of IL-1β (compared to PBS control) was not 
induced by any immunoglobulin used. From all other 
compounds studied, only the Fab fragment elevated 
levels of IL-1β. Similarly, the Fab fragment markedly 
stimulated production of GM-CSF. Contrary to the 
impact on IL-1β, LPS induced GM-CSF more than the 
Fab fragment did. IgY did not caused any induction of 
GM-CSF. Formation of cytokine IL-6 shows the oppo-
site trend in respect to Fab and IgY. The presence of IgY 
increased the IL-6 to the level that is comparable to the 
effect of LPS. In NuLi cells LPS proved to be the most 
effective stimulant of selected cytokines with the excep-
tion of IL-1β induction by the Fab fragment. 

Treatment of CuFi cells
All four types of inflammatory cytokines were mea-
sured in immortalized CuFi cell line originating from 
CF patient airways. Similarly to NuLi cell, TNF-α for-
mation was close to the detection limits. Thus, none of 
the tested compounds caused significant elevation of 
this cytokine. In line with results from NuLi cells the 
production of IL-1β (compared to PBS control) was 
highly induced by the Fab fragment to levels exceed-
ing the effect of LPS. Some, but much lower effect of 
Fab fragment was detected on the GM-CSF production. 
Chicken IgY did not induce this cytokine. In contrast, 
cytokine IL-6 was slightly induced by IgY, whereas 
the Fab fragment caused only a low impact on IL-6 
induction. 

dIScuSSIoN

Chicken eggs are becoming a widely respected source 
of unique antibodies. The preparation of IgYs from egg 
yolks is, in comparison to the procedure utilizing blood 
of mammals, more acceptable from the point of view of 
animal welfare. Moreover, the possibility of a large scale 
production of IgY, makes chicken immunoglobulins an 
excellent tool for passive immunization. Thus, egg yolk 
immunoglobulins might be considered for prevention 
of infections with opportunistic pathogens affecting 
e.g. lungs of CF patients.

The aim of this study was to determine the effect of 
IgY on epithelial cells in the respect to inflammation 
development. The secretion of selected cytokines in cell 
media was determined to trace initial signs of a possible 
inflammatory reaction caused by IgY. Beside the IgY, 
the Fab fragment was included in exposure tests, too, as 
it is assumed to be less immunogenic than IgY due to 
the absence of a glycosylation site and a reduced molec-
ular weight (Sarnesto et al. 1983; Cheung et al. 2003). 
It was confirmed by SDS-electrophoresis that the most 
of Fab fragment fractions contained only insignificant 
amounts of additional protein of a similar molecular 
weight as the Fc fragment. Experiments with OVA were 
carried out to examine the impact of this protein, which 
might be a possible contaminant of IgY fractions. 

The data of Bioplex assay show that all epithelial cells 
responded effectively to LPS via secretion of three of 
pro-inflammatory cytokines studied. This observation 
confirms that under conditions used, the ex vivo cell 
cultivation allows to evaluate the effect of tested com-
pounds on the induction of inflammatory reactions. Of 
the all immunoglobulins, only the Fab fragment of IgY 
highly stimulated levels of IL-1β and GM-CSF in CuFi 
and Nuli cell lines. Although A549 cells mostly did not 
produced detectable amounts of cytokines, the Fab 
fragment induced cytokine IL-6 to levels comparable 
to LPS. By analogy to human IgG, the Fab fragment of 
IgY should be less immunogenic than the Fc fragment 
or the whole immunoglobulin molecule (Sarnesto et al. 
1983), however, our data contradict this assumption. In 
our previous experiments with rats, we observed that 
Fab, when inhaled, induced the production of IL-1β in 
serum. Likewise, although to a lesser extent, the treat-
ment with Fab increased serum concentrations of IL-18 
and GM-CSF (Hadrabova et al. 2014). The reason why 
Fab triggered the induction of cytokines in epithelial 
cell lines is unclear.

When comparing cytokine inducing effects of 
immunoglobulins tested, IgY increased solely levels 
of IL-6 in both cell lines comparably. In CuFi cells, the 
IgY-mediated stimulation of IL-6 formation was simi-
lar to that produced by the other immunoglobulin of 
foreign origin, goat IgG. On the other hand, OVA at 
a concentration of 1 mg/ml was not demonstrated to 
provide any marked inflammatory response. Hence, the 
possible presence of OVA in the IgY sample does not 
play a significant role. 

It is interesting to compare concentrations of deter-
mined cytokines in a cell medium with their physiolog-
ical values in human serum. Concentration of TNF-α, 
IL-1β and GM-CSF in serum are 3.21 pg/ml, 2.04 pg/ml 
and 40.9 pg/ml, respectively (Kim et al. 2011). Although 
the direct comparison of cytokine concentrations in 
serum and cell media might be misleading, the serum 
values provide a basis for our result interpretation. 
Given of these data we can state that serum physiologi-
cal levels were exceeded only in two cases when CuFi 
and NuLi cells were exposed to the Fab fragment. The 
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concentration of cytokine IL-1β secreted to media by 
NuLi cells was ~5 folds higher than the serum level, 
while the only slight increase of IL-1β was found with 
CuFi cells.

Present data confirmed our previous results from 
animal studies (Hadrabova et al. 2014) that IgY is not 
inflammatory and therefore might be considered as a 
tool of passive immunization. Since the Fab fragment of 
IgY was shown to be inflammatory for cells that should 
be taken under consideration when possible used in vivo. 
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