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[ Abstract]  Objective
(HINI1) (pdm09) and A/PuertoRico/8/34 (HIN1) (PR8) and the immunogenicity of those two subtypes of influenza A
virus to induce antigen specific CD8*T cells in C57BL/6 mice. Methods (DThe wild type C57BL/6 mice were infected
with 50% tissue infection dose (TCIDy,) of PR8 and pdm09 respectively. The situations of the infected mice were observed

To compare the pathogenicity of two subtypes of influenza A virus A/Shanghai/37T/2009

daily (14 days), and the death rate was recorded. The mice were sacrificed at 1 and 3 days ( days post infection, d.p.i),
the lungs were collected to weigh and the lung indexes were calculated, and the left lobes of lung were fixed by 4%
paraformaldehyde and stained with H&E to observe the pathological changes of the lung after infection. The viral load in
lung tissue was detected by real-time fluorescence quantitative PCR ( qRT-PCR). @ The mice were intranasally infected
with 0. 25 times lethal dose (lethal dose 50% , LD50) of PR8 and pdm09, respectively. The infected mice were weighed
every day and monitored continuously for 14 days. The splenocytes were isolated on the 8 d.p.i. The percentages of influenza
viral antigen specific CD8" T cells, the expression levels of IFN-y, TNF-a, IL-2, granzyme B and immunosuppressive
checkpoint molecules PD-1, LAG-3, Tim-3 and CTLA-4 were detected by fluorescence-activated cell sorting ( FACS).
Results (DAfter the same TCID,, influenza virus infections, the mice in both groups were morbid. All the mice in the
PR8 group died on the 5th day after infection, and the mortality rate in the PR8 group was significantly higher than that
in the pdm09 group on the 1st and 3rd day (P<0.01), and the lung index and viral load on the 1st and 3rd day in the
PR8 group were significantly higher than those in the pdm09 group. The result of H&E staining showed that the
pathological injury of lung tissue was mild and the inflammatory infiltration was less in the pdm09 group. @ Afier the
same LD, influenza virus infection, the weight-loss and pathological changes in the lung tissues in the PR8 group were
significantly more serious than in the pdm09 group. The result of flow cytometry showed that the proportion of virus-
specific CD8'T cells in the PR8 group was higher than that in the pdm09 group, but the productions of IFN-y, TNF-a
and IL-2 by activated CD8"T cells in the PR8 group were significantly lower than that in pdm09 group. Further detection
of exhaustion makers on the activated CD8" T cells revealed that the cells of the PR8 group express more
immunosuppressive molecules PD-1 and LAG-3 than those cells of the pdm09 group. Conclusions Influenza A virus
PR8 can cause more serious damage in mice compared with pdm09, which may be due to the functional exhaustion of
activated antigen specific CD8"T cells, resultsing in lower protective immunity against influenza viral infection and more
severe pathological injury than pdm09 infection.

[ Keywords] influenza A virus; specific CD8*T cells; immune response; functional depletion
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Table 1 Primers used in this experiment

GBS FIMFHI(5"-3")

Primer names Primer sequences(5’-3")
pdm09-F 5’ -GCTGATTCACAGCATCGGTCTCAC-3’
pdm09-R 5’ -CGTAGTGCTAGCCAGCACCATTC-3’

PR8-F 5’ -AAGACCAATCCTGTCACCTCTGA-3’

PR8-R 5’ -CAAAGCGTCTACGCTGCAGTCC-3’
GAPDH-F 5’ -AGGTCGGTGAACGGATTTG-3’
GAPDH-R 5’ -TGTAGACCATGTAGTTGAGGTCA-3’
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Figure 2 Lung index and relative viral load of the mice after 9. 85 x 10° TCID,, PR8 and pdm09 challenge on the 1st day and 3rd day

T YL SR 3 K, PRS 4 fii o B ik — AL 3 B it o0 2%
P58 MR, A A W SE Ak, SRS ¥ Dy e ™ A7
P, S 40 M IR 0 B, LA Pk, I A0 B s
%, HEVEHES R B, PR8 5 pdm09 AH H AT 7E /)
BRI 35 s B on ™ ) PR A
2.4 #A[E LD50 i pdm09 #1 PRS i BB F/NR
REET R AEBHEIER G
SRHEAT 5 2GS AT, AS I 9 4R T AH R A
LD50 #(0. 25 £i5 LD50) 1Y pdm09 1 PR8 43+ J31] ik & %
e CSTBL/6 /NER, BRI i 3 R [ A B[] SR8 /N BRUIR
BT AR E, FR 288 14 K, HIVE R 3 28 1k it 28
(FE4), MWBYLEEE 3 KIFHR, 4L/ RUAE 4G
W R AT AR E A I e R 5 R HE
4 RIFURZESE 13 K, % AR R 4L/ BRUAR T [ %
K3, PR8 41/NEUARTE N B8 8 25 & F pdm09 41,
%8 ~ 9 RMAL/NRIAEIF LRI F, KEEfG 8 RXT
PRZH /N ERHEA T SBCHC 24 i A, 38 4 H&E
Yenl L& B PRS ZHAHXT pdm09 4 /NG A T | ™
TR BB 07 - i v B 14 T e A S Ak, R T B
XAV R AR E AR B — S, PR
[] LD50 i8¢ A9 PR AH L pdm09 HEME XT /N B i i
O B AR EE A A R B 3
2.5 #3[E LD50 i pdm09 0 PRS i BB/ NR T
kAR S IFERSIHRMYE CDS'T A AIEE
FHARTA] LDS50 5 1 995 5 43900 X /)N BR A T 17 5
TR TR A 8 R M ) HBCHL L ) A B e At B
38 58t 0 P A AR T EC T B AR S CD8T T 4t i
A ELEI(E S) o X CD8™T 40 il IV #¢ 5% ] 43 #r , PRS
ZH5 AR 0 96 5 BE S CD8TT 41 i A L 9] (0.6 +
0.3)%, 3% & T pdm09 (0.1 = 0.07)% (P <
0.05) , Z5H /R HHXTT pdm09 L4, PR8 i Jk

g TR ER e /N RS HE DAL BB A 075 A ¢ R EL A9 ) o i
SPE CD8'T 4,
2.6 MWRFEHBRNMREEE CDS'T 4R 5 i
B F R 88

TE B R /N B 56 8 R 4315 G 4 g, 3
1 R AR A CD8* T 48 fitg 4% 7 M 40 i CD8*
CD44 " T S #f 73 W TFN-y  IL-2 Fl TNF-o HY Ft il
(El6), IFN-y J&E T 1 BRI+ R, HEEIFERES
555 Re T, T 38 i rpoPE R 20 i A 7 VR A NK
ML AR EE VR . ASSE5S T, pdm09 ZH /)N BRI Ak
i) CD8™T 2 Mo 43 Wb TFN-y [ L] (5. 75 + 1.24) %
BT PR 4 (1.44 £ 0.582) % (P< 0.01) , IL-
2 WAL EL RN 15 S CTL 35404k, (i ik 2545 40
JH2 53 TFN-y [ TNF-o 55 | J& 538 22 40 2 41 i
AR T, 45 R BR pdm09 2H IL-2 f EL ] (1. 95 =
0.623) % BEE T PRS 41(0.344 + 0.0859) % ( P<
0.01) . TNF-o X T 9088 S 7 1) ] 45 R 48 5 1 15 5
AR BT EVEA, pdm09 41 CD8* T 41 ffl 7= 4= i) TNF-
o B LHEA(1.92+0.519) %, B 9% 5 PRS 41(1.81 +
0.394) %AH L TC i 35 22 55, (H2 P (47 i s T
pdm09 41, Al W, pdm09 Y E /5 16 1L ) CD8™ T 24 i fig
% 7 HE 5 22 1 A L PR R HR AR 7
2.7 WRFEHSERNRELRE CDS'T Hf s ik
PLERHIBE 1

YRR R T 5, CD8TT 40 M AE AR AL
PRI TP B T 40 0 200 e R T A0 2 00 M 3 A
AL TNEGE Fasl 175 5040 141, 38 2530 1 B ik
ZEFLZ FUBOR [ 13 R O MO A M DR O AT A U
T granzyme B FFEIATEH(E 7). M CD8*CD44'e"
W RESEATIE 145 2 granzyme B FHAE 09 40 A, 45 28 W
7~ pdm09 ZH iK% i ( granzyme B) i EL ] (6. 02 +



566 rP [ SZEG Bk 2019 4E 10 A48 27 45 5 Acta Lab Anim Sci Sin, October 2019, Vol. 27, No. 5

T PRI Sk 2 I 080 52 S M2 5 TR ke 2R IS A
3 9.85 x 10° TCID,, #Y PR8 Fl pdm09 TLFE 1 KA 3 K J5i /> B AR B0 1

Note. F. Arrows indicate thickening of pulmonary septum, infiltration of inflammatory cells. J. The arrow indicates

consolidation of pulmonary parenchyma.

Figure 3 Pathological changes in the lung tissues of mice after challenge with 9.85 x 10° TCID, PR8 and pdm09 on the Ist day and 3rd day
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Figure 5 Comparison of the numbers of virus-specific CD8"T cells in mouse spleen tissues at
day 8 after 0. 25 times LD50 challenge
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