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Abstract

Influenza is an acute viral respiratory disease that can also cause gastroenteritis-like symptoms, such as abdominal pain,
nausea, vomiting, and diarrhea. Immune dysfunction of adipose tissue is involved in the occurrence and prognosis of influ-
enza viral pneumonia. In this study, we analyzed intestinal and adipose immune responses in mice infected with influenza
virus and found that the impairment of intestinal and adipose immunity to influenza virus infection could be reversed by
treatment with puerarin, a medicinal compound isolated from Pueraria lobata (called “gegen” in Chinese). We found that
the lungs, small intestines (duodenum, ileum, jejunum) and large intestines (colon and rectum) of infected mice showed
obvious inflammatory lesions, with significantly increased levels of virus, inflammatory cytokines (interleukin [IL]-6, IL-17,
and tumor necrosis factor-at), Toll-like receptors 3, 4, and 9, and integrin avp3 and o4, and a decreased level of secreted IgA
compared to the normal control group (NC) (P < 0.05-0.001). Influenza virus infected mesenteric lymph nodes and adipose
tissue, and adipokines (leptin, visfatin, “chemerin”, and adiponectin) of lung and mesenteric adipose tissue were dysregulated.
Puerarin treatment reversed the impairment of the intestinal and adipose immune responses in mice infected with influenza
virus. Our findings suggest that influenza virus can infect adipose tissue and lead to intestinal adipose immune dysfunction
in normal-weight mice and that the impairment of the intestinal and adipose immune response to influenza virus infection
can be reversed by puerarin treatment.

Introduction

Influenza is an acute respiratory disease caused by influenza
A virus (IAV), with symptoms of fever, headache, stuffy
nose, and sore throat [1]. In addition to these typical symp-
toms, it can also cause abdominal pain, diarrhea, nausea,
vomiting, and other symptoms similar to gastroenteritis [2,
3]. Studies have shown that IAV (e.g., HIN1, H7N2, and
HS5N1) infection can cause immune damage involving the
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small and large intestines, which indicates that influenza
virus infection can spread to tissues and organs outside the
respiratory tract [4]. Influenza virus infection can cause
structural damage to the small intestine [2].

Immune function disorder of adipose tissue in obese
patients affects their antiviral immunity. During the 2009
HINI1 pandemic, obesity was considered an independent
risk factor for the increase in incidence and mortality of
influenza [5]. Obese patients were most likely to be infected
with IAV (71.0%) and were at high risk of severe cases of
influenza [6]. There is an accumulation of inflammatory
cells and overexpression of cytokines in adipose tissue,
which can participate in the inflammatory response to influ-
enza by releasing inflammatory factors [7]. It can be seen
that immune dysfunction of adipose tissue is involved in
the occurrence and prognosis of influenza viral pneumo-
nia. However, the underlying mechanism of these clinical
manifestations in the gut during infection is not known. In
this study, we analyzed the intestinal and adipose immune
responses in mice infected with IAV.

We discovered that influenza virus can infect mesenteric
lymph nodes (MLNs) and adipose tissue of mice and that
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adipokines (leptin, visfatin, “chemerin”, and adiponectin)
of lung and mesenteric adipose tissue are dysregulated.
The impairment of the intestinal and adipose immune
responses in mice infected with IAV could be reversed
by treatment with puerarin, a medicinal compound iso-
lated from Pueraria lobata (called "gegen" in Chinese)
that is used to treat fever, cough, cold, and other diseases
in China [8].

Materials and methods
Viruses and animals

Influenza virus strain A/FM/1/47(H1N1) was maintained as
described previously [9]. Four-week-old BALB/c mice, half
male and half female, weighing 13-15 g, were purchased
from Guangdong Medical Experimental Animal Center
(Guangzhou, China). The dose of IAV used for infection was
selected based on previous studies [9]. Except for the normal
control group, mice were infected intranasally with 50 pL
of a virus suspension containing 15 times the median lethal
dose (MLDsj) of IAV. In the experiments, 3% pentobarbital
(10 ml/kg body weight) was used to anesthetize mice for
euthanasia, and the virus inoculation was performed under
ether inhalation anesthesia. The study was approved by the
Animal Care and Use Committee of Guangzhou University
of Chinese Medicine (Guangzhou, China). Humane end-
points for euthanasia were chosen for the experimental ani-
mals (e.g., in the survival study), and the use of anesthesia
was in compliance with the Regulations for the Administra-
tion of Affairs Concerning Experimental Animals of Guang-
dong Province (2010, no. 41).

Compounds

Puerarin was purchased from Shanghai Yuanye Biotechnol-
ogy Co. (batch number: SO02M9B54875, Shanghai, China).
Puerarin was dissolved in 0.5% Tween 80 and diluted to the
required concentration.

In vivo experiments

Mice were divided into three groups, with 10 in each group:
the normal control group (NC), the IAV control group (IAV-
C), and the puerarin group (IAV + puerarin [100 mg/kg]).
The dose of influenza virus was as described above [10].
Puerarin was administered orally 4 hours after infection “and
daily” for 5 days. On the sixth day after infection, the mice
were killed and tissue samples were collected.
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Lung index

The lung index was calculated as described previously [11]:
Lung index = A/B x 100, where A is the lung weight and B
is the body weight.

Histological analysis

The lung, duodenum, ileum, jejunum, colon, rectum, MLN,
and mesenteric fat were quickly removed, washed with 10%
PBS buffer, dehydrated with formaldehyde and graded etha-
nol, and embedded in paraffin. The lungs were cut into 5-pm
pieces and stained with hematoxylin and eosin (H&E). As
described previously [12], the histopathological score was
determined in a blinded manner to determine the degree of
pulmonary inflammation.

Analysis of viral load

Quantitative polymerase chain reaction (qPCR) was used to
determine the viral load in the lung, duodenum, ileum, jeju-
num, colon, rectum, MLN, and mesenteric fat. The mRNA
expression level of the HIN1 M gene was determined by
qT-PCR as described previously (??REFERENCE??). Rela-
tive quantitation of PCR products was done by the 2"44CT
method.

Secreted IgA in mucosal washes from IAV-infected
mice

On the sixth day postinfection, mice were killed to collect
samples (intestinal and bronchoalveolar washes) and to
measure the level of secreted IgA (sIgA). The total IgA in
serum and intestinal, nasal, and bronchoalveolar lavage fluid
were determined by enzyme-linked immunosorbent assay
(ELISA) using a Mouse IgA ELISA Kit (Shanghai Enzyme-
linked Biotechnology Co., Ltd. Shanghai, China). The
ELISA was performed essentially according to the manu-
facturer’s instructions. Samples were tested at a dilution of
1:10? for bronchoalveolar washings and 1:10° for gut wash-
ings. The optical density at 450 nm was read by an ELISA
plate reader (model ELx800, Bio-Tek Instruments, Inc.,
Winooski, VT). The standard curve for IgA determination
was made using purified mouse IgA.

Cytokines in lung and intestinal tissue
in IAV-infected mice

The concentrations of interleukin (IL)-6, IL-17, tumor
necrosis factor (TNF)-a and interferon (IFN)-y in lung
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and intestinal tissue homogenate were measured using
a Mouse ELISA Kit (Shanghai Enzyme-linked Bio-
technology Co., Ltd.) according to the manufacturer’s
instructions.

Adipokines in lung and mesenteric fat tissue
of IAV-infected mice

The concentrations of leptin, adiponectin, “chemerin”
and visfatin in lung and mesenteric fat homogenate were
measured using a Mouse ELISA Kit (Shanghai Enzyme-
linked Biotechnology Co., Ltd.) according to the manu-
facturer’s instructions.

Assessment of immune function in lungs
and intestinal mucosa

Lung and mesenteric fat were collected, and the levels of
Toll-like receptor (TLR 3, 4, and 9) and integrin (a V3,
a 4) were determined using a Mouse ELISA Kit (Shang-
hai Enzyme-linked Biotechnology Co., Ltd., Shanghai,
China) according to the manufacturer’s instructions.

Statistical analysis

PASW (Windows, ver.18.0, SPSS, Chicago, IL, USA) was
used for statistical analysis. The data were expressed as the
mean + SD. One-way analysis of variance (ANOVA) and
the least significant difference test were used to compare
differences among the groups. P < 0.05 indicates statistical
significance.

Results
Changes in lung inflammation in IAV-infected mice

Most of the infected mice developed disease three days
after infection, with clinical signs including dull, ruffled fur,
reduced activity and food intake, weight loss, rapid breath-
ing, and loose stools. In the NC group, the lung tissue struc-
ture was normal, and no inflammatory lesions were found
(Fig. 1A, D, and E). The lung tissue in the IAV-C group
showed different degrees of inflammatory lesions, such as
inflammatory cell infiltration, bronchiolitis with edema, and
perivascular interstitial edema. The lung index in the IAV-C
group was significantly higher than that in the NC group (p
< 0.01) (Fig. 1B, D, and E). Compared to the IAV-C group,
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Fig. 1 Pathological changes of lungs in IAV-infected mice at day 6
after infection (HE, x 100; n = 6-10). (A) Pathological changes in
the NC group. (B) Pathological changes in the IAV-C group. (C)
Pathological changes in the puerarin group. (D) Pathological scores:
0, no pneumonia; 1, mild interstitial pneumonia (<25 % of the lung);
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2, moderate interstitial pneumonia (25-50% of the lung); 3, severe
interstitial pneumonia (50-75% of the lung); 4, very severe interstitial
pneumonia (>75% of the lung). (E) Lung index. Data are presented as
the mean + SD. Asterisks denote the significance level: **, p < 0.01;
*#% p < 0.001, compared with the IAV-C group
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mice in the puerarin group had significantly less inflamma-
tory pathology in the lung and a lower lung index (p < 0.01)
(Fig. 1C-E).

Pathological changes in the intestinal tract
of IAV-infected mice

HE staining showed that inflammatory lesions were present
in the small and large intestines of IAV-infected mice, espe-
cially in the ileum and colon (Fig. 2, IAV-C). Compared with
the NC group, there were different degrees of inflammatory
lesions in the duodenum, jejunum, ileum, colon, and rec-
tum in the virus-infected group, especially in the jejunum,
ileum, and colon (Fig. 2, NC and IAV-C). The local mucosal
epithelial cells of the duodenum were necrotic and exfoli-
ated, intestinal villi were destroyed, inflammatory cell infil-
tration was seen in the mucosal layer, no obvious atrophy
was found in the glands in the lamina propria, inflammatory
cell infiltration was seen, and some edema was found in the
submucosa (Fig. 2, IAV-C, duodenum). The local mucosal
epithelial cells of the jejunum were necrotic, and the glands
in the lamina propria disappeared and were replaced by new
connective tissue. Inflammatory cell infiltration was obvi-
ous, the submucosal structure was loose, and edema was
present (Fig. 2, IAV-C, jejunum). The mucosal epithelial
cells of the ileum were necrotic and exfoliated, with local
mucosal defects, and the glands in the lamina propria disap-
peared and were replaced by connective tissue (Fig. 2, IAV-
C, ileum). Inflammatory cell infiltration was seen in the sub-
mucosa. Some of the colonic mucosal epithelial cells were
necrotic and exfoliated, with the local mucosal epithelial
layer defective, lamina propria glands missing, the missing
mucosal epithelial cells replaced by new connective tissue,
and inflammatory cell infiltration in the new tissue (Fig. 2,
TAV-C, colon). Local villous epithelial cells of the rectal
mucosa were necrotic and exfoliated, mucosal structure was

[leum

destroyed, inflammatory cell infiltration was visible in the
mucosal layer, the gland structure of the lamina propria was
damaged, the submucosal structure was loose, and there
was some edema (Fig. 2, IAV-C, rectum). Influenza virus
infection can lead to inflammation of mesenteric adipose
tissue in mice. The MLNs were significantly enlarged, and
the germinal center was obvious (Fig. 2, IAV-C, mesenteric
lymph nodes). In the germinal center, there was prolifera-
tion of lymphoblasts and some thickening of the cap-like
area. Some atrophy of adipose tissue was observed in mesen-
teric fat, with a decrease in the number of adipocytes, and a
large number of inflammatory cells infiltrated around the fat
(Fig. 2, IAV-C, mesenteric adipose tissue). The inflamma-
tory lesions in the puerarin group were lighter than those in
the TAV-C group, especially in the ileum and colon (Fig. 2,
IAV-C, puerarin).

Changes in viral load in the lung and intestine
of IAV-infected mice

Six days after the mice were infected with influenza virus,
viral RNA was found in the lung, duodenum, jejunum,
ileum, colon, rectum, MLNs, and mesenteric adipose tis-
sue in the IAV-C group. The amount of viral RNA was sig-
nificantly higher than in the NC group (Fig. 3A-H). Com-
pared with the IAV-C group, the pulmonary enterovirus titer
in the puerarin group was significantly lower (P < 0.01)
(Fig. 3A-H).

Changes in inflammatory cytokine levels in the lung
and intestine of IAV-infected mice

On the sixth day of influenza virus infection, the levels of
inflammatory cytokines TNF-a, IL-6, and IL-17 in the lung,
duodenum, jejunum, ileum, and rectum in the IAV-C group
were significantly increased (Fig. 4B-D), and the levels

Mesenteric
lymph nodes

Mesenteric
adipose tissue

Fig. 2 Pathological changes of intestine in IAV-infected mice virus at day 6 after infection (n = 6-10) (HE, x 100)
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Fig.3 Changes in the viral RNA level after intranasal infection of
influenza virus in mice (n = 6-10) in the (A) lung, (B) duodenum,
(C) jejunum, (D) ileum, (E) colon, (F) rectum, (G) MLNs, (H) mes-

of TNF-a and IL-6 in the colon were significantly higher
than in the NC group (Fig. 4B and D). Puerarin treatment
significantly reduced the above-mentioned tissue cytokine
levels (Fig. 4B-D). The level of IFN-y was not significantly
increased in the lung and intestine tissues, and there was no
significant difference between the IAV-C group and puerarin
group (Fig. 4A).

Changes of adipokines in lung and intestine
of IAV-infected mice

The levels of leptin, visfatin, and “chemerin” in lung, mes-
enteric lymph node, and mesenteric adipose tissue in the
TIAV-C group were significantly higher than those in the
NC group (P < 0.05-0.001) (Figs. 5, 6, 7). Puerarin treat-
ment significantly reduced the levels of leptin, “visfatin”,
and “chemerin”, and increased the level of adiponectin (P
< 0.01) (Figs. 5, 6,7, 8). The analysis showed that the adi-
ponectin levels in lung, mesenteric lymph node, and mes-
enteric adipose tissue decreased significantly after 5 days

enteric adipose tissue. Data are presented as the mean + SD. Aster-
isks denote the significance level: *, p < 0.05; **, p < 0.01, compared
with the IAV-C group

of infection compared to the NC group (Fig. 8). Puerarin
(100 mg/kg) inhibited the “decrease” of adiponectin in
lung, mesenteric lymph node, and mesenteric adipose tis-
sue (Fig. 8A-C, p < 0.05-0.01).

Changes in SlgA levels in lungs and intestines
of IAV-infected mice

The mucosal immune response was evaluated to deter-
mine the effects of puerarin. IgA levels in bronchoalveolar
lavage and intestinal lavage fluids were measured on the
sixth day postinfection. The sIgA levels in bronchoalveolar
lavage fluid and small intestinal lavage fluid were signifi-
cantly lower in the IAV-C group than in the NC group (P <
0.01-0.001) (Fig. 9). The levels of sIgA in the bronchoal-
veolar lavage fluid and small intestinal lavage fluid of the
puerarin group were significantly higher than in the IAV-C
group (Fig. 9A-B).
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Fig.4 Changes in inflammatory cytokine levels in the lung and intes-
tine of IAV-infected mice (n = 10). Proinflammatory cytokine levels
were analyzed by ELISA on day 6 after infection. (A) IFN-gamma.

Changes in mucosal immune function
in IAV-infected mice

On the sixth day after influenza virus infection, the levels
of TLR 3, 4, and 9 and integrin (aVP3, o 4) in the lung,
duodenum, jejunum, ileum, colon, and rectum of the IAV-C
group were significantly higher than in the NC group (P
< 0.05-0.001, Fig. 10A-E). Puerarin treatment significantly
increased the levels of TLRs and integrin in the above tis-
sues (P < 0.05-0.001, Fig. 10 A-E).

Discussion

Influenza patients often have diarrhea, nausea, and other
extra-respiratory clinical manifestations [13]. The lungs and
large intestine are not only related physiologically but also
affect each other pathologically. Diseases of the lungs and
intestines can be transmitted to each other and even form a
vicious circle. In this study, we found that influenza virus
caused inflammatory lesions not only in the lungs but also
in the small intestine (duodenum, jejunum, and ileum), large
intestine (colon and rectum), MLNs, and mesenteric adipose

@ Springer

(B) IL-6. (C) IL-17. (D) TNF-alpha. Data are presented as the mean
+ SD. Asterisks denote the significance level: *, p < 0.05; **, p <
0.01, compared with the IAV-C group

tissue, especially in the ileum and colon. Influenza-virus-
infected mice exhibited anorexia, emaciation, and loose
stools. Treatment with puerarin inhibited the inflammatory
changes in IAV-infected mice and improved the immune
function of the lungs, intestines, and adipose tissue.

Puerarin is a medicinal compound isolated from Pueraria
lobata (called "gegen" in Chinese), which has been used as
a source of food and medicine in China [14]. Puerarin has
been used to treat fever, cold, cough, and flu [8, 15], and it
has been shown to inhibit the NA activity of influenza virus
in vivo and in vitro [10].

In this study, puerarin was found to significantly reduce
inflammatory pathology of the lung and decrease the lung
index. In a previous study, we showed that puerarin exhibits
a protective effect against lethal influenza virus infection (up
to about 70% protection) [16].

Gastrointestinal symptoms, such as diarrhea and nausea,
usually occur in IAV-infected patients [17]. In this study,
anorexia, emaciation, loose stools, and other gastrointestinal
symptoms were observed in mice infected with influenza
virus. In addition to lung inflammation, influenza virus
caused inflammatory lesions in the small intestine (duode-
num, jejunum, ileum) and large intestine (colon, rectum),



Restoration of immune function by puerarin

2393
(A) Lung (8) .
Mesenteric lymph nodes
407 25-
= 1 * I
E 30 T 20 e 3k sk e, b
= = E) s
5 ] L, & q
= o S =
3 20+ % - 2 o
£ £ amn
g 0 e 3
g sEas g '
IA\.,-C Puerarin(1 OOmgIkg) NC IAV-C Puerarin(1 OOmglkg)

Visfatin level (ng/ml)

Fig.5 Changes in visfatin levels in the lungs and intestines of IAV-
infected mice (n =10). Visfatin levels were analyzed by ELISA on
day 6 after infection. (A) Visfatin in lungs. (B) Visfatin in MLNs. (C)

(A)

150

100+

Chemerin level(ng/ml)

Mesenteric adipose tissue

¢ 3 ¢

.

R

E

B
-
G

ksk sk

IAV-C

Lung

L

Puerarin(100mg/kg)

ek

= .E'-:-:-:

e
o
e

S

200+

150+

100+

Chemerin level(ng/ml)

Fig.6 Changes in chemerin levels in the lungs and intestines of IAV-
infected mice (n = 10). Chemerin levels were analyzed by ELISA on
day 6 after infection. (A) Chemerin in lungs. (B) Chemerin in MLNS.

NC

IAV-C

Puerarin(100mg/kg)

Mesenteric adipose tissue

ko
—_
=
Puerarin(100marka)

Visfatin in mesenteric adipose tissue. Data are presented as the mean
+ SD. Asterisks denote the significance level: *, p < 0.05; **, p <
0.01; *** p < 0.001, compared with the IAV-C group

_—
0
N

150

100+

Chemerin le vel(ng/ml)

Bk S

Mesenteric lymph nodes

i

Puerarin(100mg/kg)

(C) Chemerin in mesenteric adipose tissue. Data are presented as the
mean + SD. Asterisks denote the significance level: **, p < 0.01;
##% p < 0.001, compared with the IAV-C group

@ Springer



2394 M.-S. Zeng et al.

Mesenteric lymph nodes

A B
(A) Lung (B) 10-
15+
_ T & _I— *
g ke £ — oA A I
“Sp 10 e =
= ek sk | =
= 2 o
=2 = e
£ 5l e 'g = o
= e <
] e A — o
S A,
e =
o R = - —
IAV-C Puerarin(100mg/kg) IAV-C Puerarin(100mg/kg)
(©) Mesenteric adipose tissue
15+
—_ ke ok
= ok S I
£ seREe
2 104 e
e
: -
g 5
2 59 e
g e
= e
e
o s
NC IAV-C Puerarin(100mag/kg)
Fig.7 Changes in leptin levels in the lungs and intestines of IAV- tin in mesenteric adipose tissue. Data are presented as the mean +

infected mice (n =10). Leptin levels were analyzed by ELISA on day SD. Asterisks denote the significance level: *, p < 0.05; **, p < 0.01;
6 after infection. (A) Leptin in lungs. (B) Leptin in MLNs. (C) Lep- ##% p < 0.001, compared with the IAV-C group

(A) Lung (B) Mesenteric lymph nodes
20004 15001
sk ok seske ke
=
% w3k S oKk
= —— = 1000+
s B3
= =
= = -T-
£ S s00- -
:é- % E ]
= i) e
Y o- ~ T
Puerarin(100mg/kg) IAV-C Puerarin(100mg/kg]
(C) Mesenteric adipose tissue
2500+
= ks sk sk oie
E 20004
£ I
© 15004
=
'-§ 1000+ u
é :
5 5004 .
-
o- = :
Puerarin(100mg/kg)
Fig.8 Changes in adiponectin levels in the lungs and intestines of tin in MLNs. (C) Adiponectin in mesenteric adipose tissue. Data are
TAV-infected mice (n = 10). Adiponectin levels were analyzed on by presented as the mean + SD. Asterisks denote the significance level:

ELISA day 6 after infection. (A) Adiponectin in lungs. (B) Adiponec- ** p <0.01; #* p <0.001, compared with the IAV-C group

@ Springer



Restoration of immune function by puerarin 2395
(A) Broncho-alveolar lavage (B) Gut lavage
40_
30- sksk %k w5
= * g 30- .
£ 2 E)
2 =4
= = |
3 g 201 Tz
2 . - e
< 101 e % 10 e
> R % 07 e
e 5:':':!::"':::'
0 -.-.-:-.:.-.-.-: 0- . » aTas
NC IAV-C Puerarin(100mg/kg) NC IAV-C Puerarin(100mg/kg)

Fig.9 IgA levels in bronchoalveolar lavage and intestinal lavage flu-
ids (n = 10). The samples were collected before infection and on the
sixth day postinfection. ELISA was used to determine mucosal IgA
antibody levels in bronchoalveolar lavage (A) and gut lavage (B).

(A) (B)
15+ 40—
2
=)

(D) (E)
100~ 15+
80 _
- =
z E
§n 60 )
£ =
< <
% 404 :;
S e
= >
T 204 3
0

Fig. 10 Changes in mucosal immune function of lungs and intestines
of IAV-infected mice (n = 10). (A) TLR3. (B) TLR4. (C) TLR9. (D)
o4. (E) avp3. Data are presented as the mean + SD. Asterisks denote

especially in the ileum and colon. In addition, the level of
TAV RNA was significantly increased in both the small intes-
tine and large intestine, indicating that influenza virus can
infect intestinal tissue.

Influenza virus often causes viral pneumonia through
respiratory tract mucosal infection. The intestinal and

Data are presented as the mean + SD. Asterisks denote the signifi-
cance level: **, p < 0.01; *** p < 0.001, compared with the IAV-C
group
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the significance level: *, p < 0.05; **, p < 0.01; ***, p < 0.001, com-
pared with the IAV-C group

bronchopulmonary lymphoid tissues are important com-
ponents of the mucosal immune system. sIgA is the main
immune molecule of the mucosal immune system that resists
invasion by foreign pathogens. Influenza virus infection
often leads to immunosuppression and secondary infec-
tion by bacteria, often accompanied by gastrointestinal
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inflammation [4]. This study showed that influenza virus
can inhibit the secretion of sIgA in bronchoalveolar lavage
fluid and intestinal lavage fluid, while puerarin can increase
the secretion level of sIgA in lung and intestinal mucosa.
There is also an immune correlation between the lung and
the large intestine. As one of the important mucosal immune
activities, mucosal lymphocyte homing has directional selec-
tivity. This selectivity of mucosal lymphocytes is related to
the specific recognition of the related receptors on their sur-
face and on the vascular endothelial cells of mucosal sites,
such as integrin o4f3. In this study, we found that the levels
of integrin avp3 and a4 in the lung and intestine tissues of
IAV-infected mice increased and that the level of TNF-a
in bronchoalveolar lavage fluid and intestinal lavage fluid
also increased. Inflammation-related injury is induced by the
binding of lung- and gut-associated integrin with the TNF-a
receptor and directional homing migration of immune cells.

TLRs are important in the regulation of inflammatory
signal transduction. TNF-a is a proinflammatory cytokine
with extensive biological activity that can be produced by a
variety of cells [18]. It can induce vascular endothelial cells
to express adhesion molecules, promote the infiltration and
activation of inflammatory cells, and stimulate the synthesis
of inflammatory mediators such as platelet-activating factor,
prostaglandins, and leukotrienes. In this study, the levels of
TLR3, 4, and 9 in the lungs and intestines of IAV-infected
mice were significantly elevated, together with increased
levels of IL-6, IL-17, and TNF-«, which caused or aggra-
vated the pathological inflammation of the lungs and intes-
tines. Puerarin reduced the levels of TLRs and inflammatory
factors in the lungs and intestines and alleviated inflamma-
tory damage.

As a part of the intestinal immune system, intestinal
fat immunity plays a major role in the pathogenesis of
influenza virus pulmonary enteritis [19]. We found that
influenza virus infection can cause inflammation of mes-
enteric adipose tissue in mice. At the same time, the
levels of adipokines in lung and mesenteric adipose tis-
sue were altered (leptin, visfatin, and “chemerin” levels
increased, and the adiponectin level decreased). Puera-
rin can modulate adipokine dysregulation and slow down
injury of the lungs and intestines. Adipose tissue, espe-
cially intestinal adipose tissue, is generally considered to
be an endocrine organ. Adipocytes secrete a variety of
hormones and cytokines, such as leptin, adiponectin, and
resistin, and at the same time, adipose tissue is also an
immune organ that plays a major regulatory role in the
immune system [20]. Adipocytes can secrete TNF-a, IL-6,
and other inflammatory factors, and their expression and
plasma level are related to the amount of body fat [21].
Many adipokines, including leptin, adiponectin, visfatin,
and resistin, not only mediate innate immune defense
by activating a variety of innate immune cells but also
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participate in adaptive immunity by mediating the prolif-
eration and activation of immune cells and B lymphocytes
[22]. The adipose tissue of obese patients has low-grade
inflammation, and the immune function of intestinal fat
may be impaired, making obese patients more likely to
be infected with IAV. Obese patients with IAV infection
have more severe symptoms and higher mortality. Adi-
pose immune dysfunction is involved in the occurrence
and prognosis of influenza virus pneumonia [7]. Leptin, as
a proinflammatory mediator, plays a major role in innate
and acquired immune responses [23]. Adiponectin is a
cytokine synthesized almost entirely by adipocytes that
has an anti-inflammatory effect [24]. Visfatin is produced
in large quantities by adipocytes and can affect the produc-
tion of pro-inflammatory (IL-6, TNF-«, and IL-1f) and
anti-inflammatory cytokines (IL-10) [25]. “Chemerin”
can regulate the production of adipocytes. Through the
G-protein-coupled receptor and chemokine-like receptor
(CMKLR)-1 signaling pathway, with the participation of
chemokine receptors, it acts on immune cells (e.g., mono-
cytes, dendritic cells and natural killer cells) and exerts its
chemotactic activity [26].

Mice infected with influenza virus have a low degree
of adipose tissue inflammatory damage and immune dys-
function. When influenza virus invades the body, the
inflammatory cells in the infected mice are easily acti-
vated and secrete a large number of inflammatory media-
tors and adipokines, which further promote the activation
of inflammatory cells, gradually leading to a cascade of
inflammatory factors [27]. In this study, the levels of lep-
tin, visfatin, and “chemerin” in the lungs and intestines of
IAV-infected mice were significantly increased, together
with decreased levels of adiponectin, which resulted in
pathological inflammation of the lungs and intestines.
Puerarin can regulate the immune function disorder of
adipose tissue.

In conclusion, influenza virus can infect adipose tis-
sue and lead to intestinal adipose immune dysfunction in
normal-weight mice. Impairment of the intestinal and adi-
pose immune response to influenza virus infection in mice
could be reversed by puerarin treatment. However, the spe-
cific mechanism of intestinal immune damage caused by
influenza virus infection of the respiratory tract is still
unclear, and further research is needed.
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