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To explore the effects of maggot antimicrobial peptide treatment of Salmonella
pullorum-infected chickens on the mMRNA expression levels of TGF-B4 and TNF-a
in small intestinal mucosa, the duodenum, jejunum and ileum mucosa were
isolated 3, 5 and 7 days after induced AMP, non-induced AMP, antibiotics or
maggot treatment and the TGF-B4 and TNF-o. mRNA expression was evaluated by
quantitative real-time PCR. We found that mRNA of TGF-Bs was highly
expressed in the duodenum, jejunum, and ileum when Salmonella pullorum-
infected chickens were treated with antibiotics, non-induced AMP, and AMP,
respectively (P<0.001). Similarly, TNF-o mRNA was highly expressed in the
duodenum and jejunum when Salmonella pullorum-infected chickens were treated
with induced AMP and maggots, respectively (P<0.001), and the expression of
TNF-ao mRNA was higher in response to the use of induced AMP than antibiotics
on day 5 after treatment (P<0.05). Therefore, maggot AMP functional efficiency,
along with evaluation of TGF-B4 and TNF-a produced by small intestinal mucosa,
may be useful for the prevention and treatment of Salmonella pullorum when

developing new chicken feed additives.
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INTRODUCTION

Pullorum disease (PD) is a bacterial disease caused by
Salmonella pullorum through both horizontal and vertical
transmission that primarily affects 2-3 week old chicks
(Gong et al., 2013). The disease is extremely difficult to
eradicate in vivo, and can exist for a long time.
Salmonellosis is one of the most common endemic
diseases in China, being responsible for large economic
losses to the poultry industry. Currently, antibiotics are still
an effective measure in addition to slaughter and vaccines
in the treatment of Salmonella pullorum infection (Barrow
et al., 2011). However, the widespread use of antibiotics is
causing Salmonella-resistance to increase (Wang et al.,
2012). Consequently, substitutes for antibiotics are
urgently required for wuse in poultry production.
Antimicrobial peptides (AMPs) have attracted increasing
attention in recent years because they do not easily lead to
drug resistance. These compounds are polypeptides
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produced by organisms to protect the host against infection
(Garcia et al., 2013). To date, millions of AMP has been
isolated from animals, plants, and insects. Maggots are
housefly larvae. They live in harsh environments are
surrounded by pathogenic bacteria. They are not
susceptible to disease because of AMPs in their body. The
antibacterial mechanism of AMPs is different from that of
antibiotics; therefore, it is difficult for organisms to form
drug resistance to these compounds. It is well known that
AMP can partially depolarize the bacterial cytoplasmic
membrane, which subsequently interferes with electron
transport, leading to cell death (Padhi et al., 2014).
Therefore, maggot AMPs would have broad prospects of
application as new substitute antibiotics.

The effects of infection of chickens by Salmonella
pullorum, which belong to Salmonella enteric, first
manifest in the intestines (Priyantha et al., 2012). The
intestinal mucosa immune cells can protect biological
organisms from invasion by various pathogens in the
lumen (Liang et al., 2016). Immunity of chickens can be
divided into innate and acquired responses, which include
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cell-mediated immunity and antibody-mediated immunity
(Carter et al., 2009). Cell-mediated immune response
occurs via T cells and is mediated by cytokines and
chemical signals. More than 20 kinds of cytokines have
been reported in the intestinal genes of chickens (DeVries
et al., 2006), including transforming growth factor-p4
(TGF-B4) and tumor necrosis factor-a (TNF-a). It has
been reported that TGF-B 4 exists in vivo in chickens.
Furthermore, chicken TGF-p4 is equivalent to mammalian
TGF-B1 in terms of function and effect (Chowdhury et al.,
2003). TNF-a plays a central role in intestinal
inflammation disease as a pro-inflammatory cytokine
(Kaser et al., 2010). Chicken homologs of TGF-B4 and
TNF-a have been cloned and sequenced.

In this study, chickens were artificially infected with
Salmonella pullorum following treatment with maggot
AMP, antibiotics and maggots after symptom onset. The
small intestinal mucosa mRNA was then isolated at 3, 5,
and 7 days after infection. gqRT-PCR was subsequently
used to measure the small intestinal mucosa of mRNA
expression of TGF-B4 and TNF-a, after which the values
were compared between groups.

MATERIALS AND METHODS

Ethics statement: This study was approved by the Ethical
Committee of Animal Experiments of the Animal Science
and Technology College, Shihezi University.

Bacteria preparation: Salmonella pullorum (CVCC 578)
were cultured in Luria Bertani (LB) liquid nutrient medium
at 37°C until the logarithmic growth phase was attained.
The bacterial cells were collected by centrifugation
(tabletop centrifuge, 8000 g, 5 min), after which the cell
concentrations were adjusted to 1x107 CFU/mL.

Experimental chickens: Induction of maggots,
preparation of maggot AMPs and antibacterial activity
assays of the AMPs were conducted as previously
described (Wang et al., 2017).

Specific pathogen free (SPF) Avian male newly-
hatched chicks were purchased from a local hatchery. All
chicks were raised in cages while provided with feed and
drinking water ad libitum. When they were 14-days-old,
the chicks in four groups were injected with 2 mL of S.
pullorum suspension (1x107 CFU/mL) into the pectoralis.
The fifth group (referred to as the healthy group) was not
injected with Salmonella pullorum. All chicks presented
with pullorosis diarrhea symptoms at 24 h post injection.
A total of 200 chicks of the same size and weight that
showed pullorosis symptoms were then divided into four
groups (maggots; non-induced Salmonella pullorum
AMP; induced Salmonella pullorum AMP; antibiotics) at
random. Chicks then received the appropriate treatments
with crude extracts of AMP, maggots or antibiotics for the
next 7 d. The chicks in induced S. pullorum AMP groups
and non-induced Salmonella pullorum AMP groups were
given 3 mL of the crude AMP extract (1 mg AMP/mL)
daily. Antibiotics (Gentamycin sulfate) were added into
the drinking water at 100 mg/L. The AMP content of live
maggots was 0.5 pg AMP/g fresh weight. These four
treatments continued for 3-5 d until the disease symptoms
disappeared.
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Small intestine mucosa collection: Chicks were
slaughtered 3, 5, and 7 d after the above treatments were
started and their intestinal tracts were dissected. Four cm
long sections of the duodenum, jejunum and ileum were
excised. Samples were flash frozen in liquid nitrogen and
stored at -80°C until RNA purification.

RNA isolation and Reverse transcription: The total RNA
from small intestine mucosa was isolated using an
RNAeasy mini kit (TIANGEN Co., Beijing, China)
according to the manufacturer’s instructions, after which it
was eluted with 30 pl RNase-free water. The purity and
concentration of RNA were determined based on the
absorbance at 260 nm (Nano Drop ND1000). A total of 1
pg of total RNA was immediately reverse transcribed using
a Prime Script RT Reagent Kit (TaKaRa Co., Dalian,
China) according to the manufacturer's instructions (Pan et
al., 2012).

Real-time quantitative RT-PCR: The PCR primers used
for RT-PCR are listed in Table 1. The PCR mixture
consisted of 2 ul cDNA, 10 ul SYBR Green | Master Mix
(Roche Co., Shanghai, China), 0.4 ul of each forward and
reverse primer (100 pM) and 7.2 pl of RNase-free water
to give a final volume of 20 pl. Amplification and
detection of the specific products were performed using a
LightCycler 48011 Real-Time PCR System (Roche Co.
Ltd., Shanghai, China) with the following program: one
cycle of 95°C for 5 min, followed by 40 cycles of 95°C
for 15 s, 57°C for 30 s, and 72°C for 30 s, and final a
melting curve was determined. Each PCR reaction sample
was subjected to real-time PCR in triplicate.

Statistical analysis: The resulting threshold cycle values
were normalized against the endogenous control (B-actin),
and the fold changes in expression of the target genes
were determined using the equation 242aC (Livak et al.,
2001). Fold change values generated by different lines
were analyzed by one-way ANOVA using SPSS version
17.0 (IBM, Armonk, NY). A P<0.05 was considered to
indicate significance.

RESULTS

RNA isolation and cDNA: RNA was successfully
isolated from small intestine mucosa of all five groups
chickens used in present study. All three strips of RNA
were clear upon gel electrophoresis. These results suggest
that RNA quality was good and undegraded during the
extraction process. The ODazsonm/OD2gonm Values were
between 1.8 and 2.1 for all samples based on ultramicro
nucleic acid analysis, indicating that the samples were
suitable for follow-up experiments.

TGF-p2 mRNA expression: The TGF-f4 mRNA
expression was higher after antibiotics treatment relative
to the control, with especially significant differences
being observed on day 3 (P<0.001; Fig. 1 A). The TGF-B4
expression levels in the jejunum showed that the non-
induced AMP group was significantly upregulated relative
to the other three groups (Fig. 1 B). The level of TGF-B4
mRNA in the induced AMP group and the non-induced
AMP group were significantly higher than those in the



antibiotics group (P<0.001; Fig. 1C). However, when
compared with the antibiotics group, the mMRNA
expression of TGF-B4 in the induced AMP group and the
non-induced AMP group increased obviously at day 5
(P<0.001; Fig. 1B and C). These results showed that
maggot AMP could induce the secretion of TGF-B4 in the
jejunum and ileum mucosa, while this factor was secreted
in the duodenum following stimulation by antibiotics.

The expression levels of TGF-4 mRNA were high in
the duodenum of the antibiotics group on day 3, 5, and 7
(P<0.001; Fig. 2). In the other groups, lower expression of
TGF-p2 mRNA was observed on day 3 (Fig. 2A).
Regardless of the treatment time point, the TGF-f4
expression levels were low in the ileum in all treatment
groups, although they were somewhat higher in the AMP
group than the antibiotics group. When compared with
other groups, the expression of TGF-B4 from the non-
induced AMP group was highest in the jejunum (Fig. 2).
Based on the above results, the induced AMP (P<0.05)
and non-induced AMP (P<0.001) facilitated the
expression of TGF-B4 mRNA in the jejunum mucosa up to
day 5, after that it decreased (Fig. 2B).

Overall, these results indicate that: (1) mRNA of
TGF-B4 was highly expressed in the duodenum in response
to application of antibiotics to S. pullorum-infected
chickens; (2) mRNA of TGF-f4 was highly expressed in
the jejunum in response to the use of non-induced AMP to
treat S. pullorum-infected chickens; and (3) mRNA of
TGF-B4 was highly expressed in the ileum in response to
AMP treatment of S. pullorum-infected chickens.

TNF-0 mRNA expression: The mRNA expression levels
of TNF-a from three groups were higher than those of the
antibiotics group in the duodenum (Fig. 3A). There was a
significant difference in the level of TNF-o mRNA
expression between the induced AMP group and the
antibiotics group (P<0.001) (Fig. 3A). The levels of TNF-
o expression in the duodenum and jejunum from the
maggots group were higher than those of the antibiotics
group and non-induced AMP group at 3, 5, and 7 days
(Fig. 3A and Fig. 3B). When compared to the antibiotics
group, the induced AMP group and non-induced AMP
group had higher expression levels of TNF-a on day 3 and
5 (Fig. 3C). Overall, the induced AMP group and the
antibiotics group showed significant differences from the
duodenum to the ileum at day 5 (P<0.001) (Fig. 3). These
findings indicate that induced AMP can enhance TNF-a
secretion in the small intestinal mucosa on day 5 after
treatment compared to antibiotics.

There was a significant difference in TNF-a mRNA
expression in the jejunum between the maggot group and
the antibiotics group (P<0.001). TNF-o mRNA expression
in the duodenum and ileum from the induced AMP group
and the non-induced AMP group were higher than in the
antibiotics group at 3 and 5 days (Fig. 4A and Fig. 4B).
When compared with the antibiotics group, the levels of
TNF-a expression in the duodenum and jejunum from the
induced AMP group and the non-induced AMP group
differed significantly on day 7 (P<0.05; Fig. 4C). In
general, these data show that induced AMP and non-
induced AMP enhanced TNF-a. mRNA expression in the
duodenum mucosa on day 3, 5, and 7 post-treatment.
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Fig. 1: Quantification of TGF-Bs mRNA expression in small intestine
mucosa isolated from recovered chickens on duodenum, jejunum and
ileum. Data at each time point are the average of 2A°“Ct, Means with
different superscripts are significantly different.
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Fig. 2: Quantification of TGF-B4 mRNA expression in small intestine
mucosa isolated from recovered chickens on day 3, 5, and 7. Data at

each time point are the average of 2A““C%, Means with different
superscripts are significantly different.



Table I: PCR primers used for qRT-PCR
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Gene Primer sequence Fragment size (bp) Reference
For: GGGGTCTTCAAGCTGAGCGT
TGF-Bs Rev: TTGGCAATGCTCTGCATGTC 240 Kramer et al. (2003)
For: TGAGTTGCCCTTCCTGT
TNF-a Rev: CAGAGCATCAACGCAAA 497 Malek et al. (2004)
B-action For: GTGATGAAGCCCAGAGCAAAAGAG 143 Xiao et dl. (2014)
Rev: AGGGTGCTCCTCAGGGGCTACT et a
A Duodenum A 3d
2.5 5-
2.0
1.54 <E
o)
<
1.0 b2
0.5
0.0-
5]
5 3
: :
<
~
5]
<
g P
< o~
<
<
~

Time

30 Induced S.pullorum AMP EEB Noninduced S pullorum AMP

B33 Antibictics M Maggots

Fig. 3: Quantification of TNF-a mRNA expression in small intestine
mucosa isolated from recovered chickens on duodenum, jejunum and

ileum. Data at each time point are the average of 2A°“C%. Means with
different superscripts are significantly different.

Based on the above results, the following
conclusions can be drawn: (1) the level of TNF-a mRNA
was highly expressed in the duodenum by the use of
induced AMP to heal the S. pullorum-infected chickens;
(2) the level of TNF-a mRNA was highly expressed in
the jejunum by the use of maggots to treat S. pullorum-
infected chickens, and (3) the mRNA expression levels
of TNF-a were higher following treatment with induced
AMP than antibiotics to heal the S. pullorum-infected
chickens on day 5 after treatment.

DISCUSSION

Salmonella pullorum is a serious disease that impacts
poultry throughout the world, resulting in economic losses
to the poultry industry. Chickens are the natural host of S.
pullorum, and antibiotics are still the main method to
control and treat pullorum disease (Barrow et al., 2011;
Huang et al., 2016). With the extensive use of antibiotics,
bacterial resistance is becoming increasingly prominent;

Position

30 Induced S.pullorum AMP EEB Noninduced S.pullorum AMP

B3 Antibiotics gm Maggots

Fig. 4: Quantification of TNF-a. mRNA expression in small intestine
mucosa isolated from recovered chickens on day 3, 5, and 7. Data at
each time point are the average of 27°“C% Means with different
superscripts are significantly different.

therefore, in this study we attempted to use maggot AMP
to treat pullorum disease. The results revealed that maggot
AMP could also be used to treat S. pullorum-infected
chickens. These results were identical to those of previous
studies of S. pullorum-infected chickens (zZhou et al.,
2014). Despite the advanced nature of AMP treatment of
pullorum disease, there are still risks of side effects;
accordingly, future studies investigating the differential
cykotine mRNA expression effects of small intestinal
mucosa are warranted.

Cytokines are essential effector molecules of the
immune response to PD in infected chickens (Swaggerty
et al., 2006). A study by Chowdhury et al. (2003)
revealed the presence of TGF-p 4, which is only exists in
vivo in chickens. In this study, we explored expression
levels of TGF-B4 and TNF-a mRNA in the small intestinal
mucosa from Salmonella pullorum-infected chickens that
had been treated using different methods. S. pullorum-
infected chickens had been treated using different
methods showed varying mRNA expression levels of



TGF-B4. The changes of the expression of TGF-p4 mMRNA
may be caused by Salmonella pullorum-infected chicks
were treated using different methods. Pro-inflammatory
cytokines (TGF-Ps) suppressed the anti-inflammatory
response to resistance SE in chickens (Swaggerty et al.,
2014). TGF-p4 is produced by T cells that were
transformed from CD4+Th17 cells (Cao et al., 2012). In
addition, while antibiotics primarily led to up-regulated
TGF-B4 mRNA expression in the duodenum, maggot
AMP led to increased levels in the jejunum and ileum.
The maggot AMP may promote TGF-Bs expression,
which in turn increases secretion by mucosa in the
jejunum and ileum. The expression of TGF-Bs was
increase in Salmonella enteritidis infected chicks at early
phase of infection (Karaffova et al., 2015). One study
showed that the mRNA expression levels of TGF-f4 were
up-regulated in the spleens of 6-week-old S. pullorum-
infected chickens (Beal et al., 2004), which was similar to
maggot AMPs were treated with 15-day-old S. pullorum-
infected chicks in the intestinal mucosal. However, unlike
the present study, the mRNA expression levels of TGF-B4
was a difference in Salmonella enteria-infected chickens
peripheral blood mononuclear cells (Pan et al., 2012).
This was likely due to the organs investigated secrete
different cytokines. It is also possible than the types of
chickens evaluated differed between studies.

TNF-a plays a central role in intestinal inflammation
disease and is the therefore the target of treatment for this
affliction (Perey et al., 2015). Indeed, inhibition of the
activity of TNF-a has been shown to effectively reduce
intestinal inflammation (Hollander et al., 2013). Probiotic
could induce the sensitization of the host by increasing
TNF-a (Hua, et al., 2010). Huang et al. (2008) report that
Bacillus induced TNF-o in mesenteric lymph nodes of
mice. In the present study, we found that the mRNA
expression levels of TNF-a isolated from the duodenum
and jejunum mucosa of chickens treated by induced AMP
therapy were higher than those of animals that received
antibiotics therapy. In contrast to the present study, Dong
et al. (2016) have shown that dietary Enterococcus fecalis
increasing the expression levels of TNF-o in jejunum and
ileum mucosa. Moreover, our results indicated that TNF-a
MRNA expression was up-regulated in response to
treatment with S. pullorum-infected chickens after day 5
by using the induced AMP, and that the levels were
significantly higher than those observed in response to
antibiotic therapy. These results are similar to previous
studies that chickens fed with Clostridium butyricum
probiotic had higher concentration of jejunum mucosa
TNF-a than those in colistin sulfate antibiotic treatment at
3 and 7 days (Zhang et al., 2016). To the best of our
knowledge, this is the first study of maggot AMP effect
on TNF-o mRNA expression in the small intestinal
mucosa of Salmonella pullorum-infected chickens.
Although the results of this study provide insight into
alternative methods for the treatment of infected chickens,
further research is needed.
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