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Establishment of an immune model of infection in aged mice
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[ Abstract ] Objective ~ The immune function of older people decreases with increasing age, while
immunosenescence confers increased susceptibility to influenza. After infection, the clinical symptoms of elderly patients
are particularly serious, associated with a poor prognosis. Therefore, an aged mouse model that reflects clinically severe
influenza virus infection should be established to evaluate the immune responses upon elderly host infection. Methods For
this purpose, aged C57 mice (18 —24 months old) were infected with influenza viruses with different levels of virulence,
H7N9 (high pathogenicity) and HIN2 (low pathogenicity). We analyzed the weight change and survival after infection.
We also dynamically detected viral replication, expression of inflammatory factors, and pathological damage of lung.
Results In contrast to adult mice (6 -8 weeks), aged mice lost 30% of their body weight 7 days after infection with
HIN2 (‘adult controls lost only 10% ) , and the survival rate was reduced to 50% (that of the adult controls was 100% ).
HON2 virus replication in the lung of aged mice was higher (P < 0.01) and peaked ( RNA virus copy number in each
gram of lung reached 3.2 x 10") on the second day after infection. Inflammatory cytokines (IL-6) and chemokines ( MCP-
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1) were excessively expressed and associated with inflammation in the aged lung, at levels 100 to 1000 times those in the

adult control. Lung injury of aged mice was more severe and the repair time after infection was longer. Conclusions We

successfully established a model of aged mouse infection. This can reproduce the immune responses in clinical infection,

such as infection survival, lung virus replication, and inflammation injury. This model could be important for understanding

the mechanism of aging host infection or for evaluating anti-infective drugs.

[ Keywords)

I [ 9 007 4 o 0 & A Y 6T 1976—
2007 4FFE 436 It 8o 1 i 2 o, BEAFE 65 JH A )
PLE AR NBE R AR 10 7 N &R AN R
321. 1,100 18 ~64 J& 2 W sAFE AR BLAE 10 J7 Ak
RN N 39. 91 TR P ER A S, DRI AR L I R
FERERIET- B F A 3 3.6 T, b 89. 1% J&
65 JAI % B LA 1 BAF R L ] WL AR AR
SR L R XU R B = AR IR AR, 5 AR
B L, 47 B e 3 (R RE R B ™ 5, 5 & 18
P BEL S 0, 78 ML s 0 | i g LA B s UL
FEZESEM ME A IR RED L BRI 1A PN 3 B B £ &
B, — S EE () B AR IR SR L E TR A
TR HEAETERES L R, O Y B AR
NBES | R B2 U5 24 Rph 23 24 n) L, ) 28 M S
T A A B PRAR

TE LIS 7R L A A R, S A R e 3 AR
T AN | B0 AR TR ST A B HsF [ A X i
J&i o D3, TR A S AT BRI R R A
Jpa T J L R, B IR 5 B 2 RO RAE TR
JRBOEHEE ) MR bR AR BB E P T AN
I AR T4 E T PN iR 57 8 | o B AR Ak LA Rk
EEL VA 5517 22 F 5 55 B IR 2 IR W AL ATF 5, A2 A AR B
M ACHRAE R H 2o I EE . Ah, Bkt iy
RSN X B AR A0 SO B PUR EE 25 | R
FEW RS G PR 259 ok = K G
H BRSO A BR ™ — R 0 T 25 9 sl 1
A R PEAS 1 sh AR R R TR Y, LA 4 b B S
Pl g —A e il 48, R BT 2 — e BLA 1 3l
YIBLHY | FH TR 8 AT i SO B B g N 2, i
A2 Za /N BB R 2 24 i 9 B B L s A
A 5 5 T % 3 38 72 /70N B O Jo ke s A
RUAGHR T8 1 A BT A, DR Ot A O30 A D 9 TR
HON2 s JiE, 43 i) A F AR A, | 26 7 il £k il
DAL T AR 1) i P A E PR ik DA % it 1 9 B 461 405
LS JLAS O A7 4 1w B aA , g ST B AR 22 &R
C57 /IR B G G e A

aged mouse model; infection immunity; influenza virus

1 #RFs*

1.1 SCIEsh¥

SEG/INERIAE FH SPE 2 EPE €57 /R, 6 ~ 8
JEIHE (18 ~19 ¢) F1 8 H & (22 ~24 ¢) 4% 30 H, 4T
¥ PR IR0 LS B S A R 23 W] [ SCXK (97)
2013 -0016 ], 8 H i /N AE it T 28 46 T AR I R
HULSEEG SR SPEF X [ SYXK (77)2015 - 0008 ]
kL iF IR A 18 ~24 A3 (28 ~30 g) .
1.2 RRRS

H7N9 HON2 J5 72 MDCK 2 Jitd FI XS A 5% 57 1
FEJT, - 80CHEFE& ., LI ITE S E W) % 4 =
P E (ABSL-3) AT, [ s B e IR Ak )
S AR 45 4 T8 BSL3-007 ; 1 [/ A48 1T 5E
FE A 0] 2% 5 & 5056 %A il UE 5 4 %5 NO. CNAS
BLOO16 |, WF5Y J5 vk a1 it viv 2 e A I IR 0
Y IRZ 23T A (S5 N 12014 /2 H K007 5) .
1.3 EWHE
1301 BAR/N R 7 R e i 7Y

ZAR/NRAEET 24 h ALY L TR =N,
ORI ] AT B A | A R SRR X R
DK AR A B e X BEZH 33 4 k4L, B4l /R 10
Ho NERIE IS 100 wl 1% 1% L A0 i 4 5
JBRIE,5 x 10°EID5, HON2 55 3. 5 x 10°TCID5, H7N9 it
BYR TR B h e SR A AL/ UYL 5 i S 14 d
PR E A AEAFIE O,
1.3.2  AWEY I ARG (' hematoxylin-eosin,,
HE) 41

P2 ZUHE 10% B AR IR bR R, i 5 1]
24 h, T AN, RPN 10 pm YT A (A
A BGKE . 60°CHE R 1 h MKILAE —H 2K, oK
LBE95% LT 85% LTEAMRUGR NS 3 ~5 min,
PBS VU, IR AKE YL €0 5 min, [ 3R 7K 25 95 AKS Yy
W ,0. 5% LYW 447, 1 min, H RIKBEM ,85% &
B 95% LB TC/K S I RAR IR MG /K 3 min, Bt
FE: A, U H B A Tissue Gnostics 25 2 4H
SUE L TSRS T o



22 P P B 2 2 i 2018 4F 10 A5 28 45 10 3] Chin J Comp Med, October 2018, Vol. 28. No. 10

1.3.3  RAE-#Ef TR

AR R 2N (55 1.2.3.7 R) /NI Y
TE VRIS I, B R 4°C,12 000 1/ min 5405 5
min, 732 _F7F KA R A BTEER (3. 8% Mtk R
s s aim 1 9 IRA) EAEIRAS,3000 r/min &
> 10 min, 533 F3E . A0 0HC 50 WL Bl Pei | ¢
FUBE BEERR RS SR AR i, R 50 pL BUR 2 K7
WEEK ,50 WL PE ARic M98 YL (S W, =5 T ol 7
H 2 h, 200 r/min &0 5 min, FHH &AL HATE
VORI 1 IR, 5 B AR A LR 100 pL,
LEER AN 1 25 E BD A B AY LSR Fortessa 22 4,37 2K
LS Ay AR U
13,4 JIli PN Ot Jeoi B 28 o )

Iy TR QN (5 1.2 3.7 K) /N RS
ZHE £ 10% FBS (1) 1640 B3R ve i 2 W, & H/h
L2 g 4441, A 1 mL Trizol 2L . 4% 1 mm
/NEIER 2 K ,60 Hz B8R 60 s, A 2 IR, H81E
W 12 000 r/min B0 5 min, 08 FIEE, IBRA SR
FREY 2B Tk BIZIR 15 s, S IEFHE 10 min, 12
000 r/min £5.0> 10 min, 5% L3, 1A 500 mL 5575
P, 2= IR E 10 min, 12 000 r/min 250> 5 min, K

10 H7N9

EEA (%)
Weight change

JEGe (7 (d)

Days post infection

RBHeX I Uninfected

EEEK (%)
Weight change

RGN [E(d)

Days post infection

3+ 13,500 mL75% S EEPE 1 1% ,2000 r/min £5.0>
5 min, FF K 3 5, RNA JLIEW T 100 L (96
RNA A28 F7Kk i, RNA EHJS, B 1 pg RNA
Wik SR cDNA Ji , f# F SYBR 5 74T Real-time
PCR ¥ HON2 .GAPDH (51, 4 FREE i i 1
Eppendorf 2 & 1) Realplex 4 ¢ Y %€ f& PCR {L43#r
IR B . IR ¥ . 42°C, 10 min; 95°C, 1 ming
95°C ,15 s;60°C ,45 s;45 MEH
1.4 SitEFE

IG5 R GraphPadPrism5. 1 314 #F
TR AT B LOE 49580 = ARt iR (v £ s0) IR,
P Z R ge it 27 22 5 I R ¢ R g 5 ik, DA
P <0.05 WA BEM,

2 R

2.1 5 HIN9 /mEMLL, HIN2 ImE B EE /MR
EETAMEFETL

TEAREGE S5, P/ N AR I 30 7E 14 d N
AL 5% (B 1) VB FREE X IEAT DL fR F 5% B4
B RARE LA 52 /N BRI R B AR AL i B — RT3
JE B RE AL, IR HTNO JiJE 75 A AF /N

HON2

EEA (%)
Weight change

RGN [)(d)

Days post infection

-8 Aged mice Z4E/PNR,
-0 Adult mice FREE/PMR

T« B B SRR A/ BUR e HTNO B HON2 3 g 2 B8 R IS5 R AL A, P v e 3R () 45 i o 77

ZAEF AT /N AR E AR,

THRARIE : R4 = (TR SR -RIIR AR ) /WA AT X 100%

1 B/ MU RN 5 7E A MR N R B AR L (n = 10)

Note. The black line in the figure shows the weight changes of aged mice infected with HTN9 or HON2 influenza virus. The dotted

line in the figure indicates the weight change of adult mice under the same infection. The calculation was based on weight change

= (time point weight-initial weight) / initial weight x 100% .

Figure 1 Weight changes of aged mice during acute influenza infection
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Note. The black line in the figure shows the survival of aged mice infected with H7N9 or HIN2. The dotted

line represents adult mice under the same infection conditions.

Figure 2 Survival of aged mice during acute influenza infection
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Note. The four groups of bars in the figure show influenza virus in the lung at the first, second,

third, and seventh days after the mice had been infected with HON2 virus. Compared with adult

mice, * P < 0.05, **P< 0.01,"* P< 0.001.

Figure 3

Influenza virus replication in the lung during HON2 infection
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Note. Figure parts a and b present the dynamic changes of multiple inflammatory factors or chemokines in the lung lavage on

the first, second, third, and seventh days after infection with HON2 virus in mice. Figure parts ¢ and d present the

proportions of inflammatory factors or chemokines in the lung during the second day after infection. Figure parts a and ¢ are

for aged mice, while b and d are for adult controls.

Figure 4 Dynamics of inflammation and chemokines during HON2 infection
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Table 1 Scoring system for histopathological examination of lung tissue
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Note: The upper line 1 shows the results of the lung tissue HE staining of aged mice at 0, 1, 2, 3, and 7 days after infection with HON2.
The next line shows the results of lung HE staining at the corresponding time points in adult mice during HON2 infection.

Figure 5a Dynamic pathological changes of lung tissue during HIN2 infection. HE staining
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Note: According to Chest, the official journal of the American College of Thoracic Physicians, the model

reports on acute lung injury. The criteria for evaluating lung injury were divided into the number of

inflammatory cells inside and outside of the alveoli, the degree of edema in the alveolar wall, the number of

erythrocytes, and the severity of alveolar damage. Each item was graded from 0 to 3 according to the

severity of injury. Lung tissue injury in mice was defined as the total score of four items. The higher the

score, the worse the lung injury.

Figure 5b  Score of pathological changes in the lung during HON2 infection
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