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Estrogen deficiency affects the immune responses induced by rabies vaccination

ZHANG Junjic1 , QIAN Hua®*, TIAN Li', WU Xinyu1 , LIU Lele', JIANG Yufen', XU Linyuc1 , LI
Menghua' ,ZHENG Wenwen', ZHENG Xuexing' (1. School of public health . Cheeloo Collage Medicine ,
Shandong University, Jinan 250012, China; 2. Center of Stomatology, the Second Hospital of Shandong

University)

Objective To investigate whether immune alterations due to estrogen deficiency in postmenopausal women
affect infection protection after rabies vaccination. Methods Female BALB/c mice aged 8-10 weeks were randomized
into LBNSE-OVX, LBNSE and Mock groups. The LBNSE-OVX group underwent bilateral ovariectomy, while sham
surgery was carried out in the LBNSE group,both of which were immunized with recombinant RABV LBNSE. Then,the
pathogenicity of LBNSE in the three groups were monitored. After immunization, the titers of rabies virus neutralizing
antibodies were measured by the fluorescent antibody virus neutralization assay(FVAN) and the levels of IgGland IgG2a
antibodies against RABV were determined by the Enzyme linked immunosorbent assay (Elisa) The proportions of
activated dendritic cells or B cells in the lymph nodes of three groups were detected by flow cytometry. Results The
serum estrogen levels and uterine weights of the OVX mice were significantly lower than those underwent sham sugery.
All the three groups mice showed no abnormal behaviour or neurological signs during the observation period. The average
titers of neutralizing antibodies in the LBNSE-OVX group were slightly lower(p>>0. 05) than LBNSE group at 4 weeks,
but still showed 100% protection against RABV. Moreover, the LBNSE mice exhibited more even Thl- and Th2-type
immune responses, while LBNSE-OVX mice tended to exhibit Th2-dominant humoral immune responses in the later stage
of immunity. The percentage of CD19" CD40" B cells and CD86" CD11¢” DCs in the lymph nodes of the LBNSE-OVX

group grew and declined at a rapider rate than that of the other two groups.  Conclusion In this study. our data
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illustrated that the protective efficacy of rabies vaccination was slightly decreased by estrogen deficiency, but it offered

sufficient protection against RABV, helping alleviate fears and anxieties related to rabies virus exposure during

menopause.
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TR IR 2 1 K9 9% 35 (Rabies virus, RABV) 32
(1 YL T T, 95 BE % 100 %6, 1 41 ok 3% 1 B Kk 2
FAL YRR L AE R AR 2Bk R Y 59 000 ABE
TSM 29~215 L E T AV BRI AR
3.5 HAFET KA WAL R . 29 o 23Rt T A5
6020041, HHI M IS W R IR IR YT 71k 76 2 26 i
BB B S BN AT R VA O B B X T Y
ATRREME o A RO A R T R o R A
P18y v RTS8 8 K ST A 0 ) o T 8 A I S 2
LA g g R

R 22 500 1 e PR A 6 1 B R FE AR % 18~ 65 X Y
[ PN A N i S NINRZ R S I (Y = i/ a I
BRI AW A L TR B D i
et A AR 1/3, i TR T e iR,
WE R K- DRI A & — 2R 90 8 A B B AR AL . 2
ot 22 5 Yo % D) e K A AL L B A MELER KPR B
20 A AR 928 ) il S B AR R A I B R R S B
B 42 & 400 B F TNF-a, IFN-y % 33k 3 -
H i 4 22 J5 2o 1 ME R KT Bk 2 R 5 92 D) RE Y A2 1k 2
23 5 Wi AL R B e b S b NPT AR 1 S = AR JE
S M A R 2 W AR PSR M AN TE AE

T W 26 22 I WEIROR B 2 08 R R B S SR
fR 52 I, AS BIF 50 38 3 4 A B0 2 1) B (Ovariectomy,
OVX) /N BB SR 4D I PR R 4t 28 )5 20 1 e M A R 2
R RO 200 0 6 28 S 5 by 246 28 3 4 L e A R R
BB AL — 2 A PR

M# 57T E

1 #

1.1 @i @At BHK-21 410E (L6 BUS 40 ) fi
LBNSE ¥ &8 Bk by 11 AR K24 24 3k T AR 2 B 1A 4G 36 2
SIS ARAE 5 /N RO 4% £ 41 il (Neuro-2a) i H
P 2 b2 g T B 24 W TR T

1.2 2K A Yk DMEM, B 2F 13 (fetal
bovine serum, FBS) (& 2k K it /R BFE (A [ED A R 2
A ) 5 2140 SRR v (A R SR RO FR 2 | 5 P9 IR
I 25 48 AL~ A R RD 5 BRI RS 1. 25 20 Bl 6 T
VR (Pt 2 DUAE BB BRA ®D 5 BRUE FITC Rid
) RABV N & 1§51 (3£ [H Fu-jirebio 23 F]) 5 LA
APC-CD19,FITC-CD40, PE-Cy7-CD11c, PE-CD86 #
TLRE BT R (22 E BD 4 A TruStain FeX™ i R

CD16/32 $i /& (3£ H BioLegend 2\ F]) ; Elisa W i 2 4
Dt 70 RO S B A FRZA BDD s HRP AR (9 34t
Bl IgGl, IGg2a (M HT (L) 5 A R A 7)s
BALB/c /IR (BF i B RV R ARBBRAFD .

2 Ak

2.1 JFEBOVODRBER G E S RATE LN
BT ARSI BB 6 ~8 Ji i i MM BALB/c /MR, 3%
TR G s T 1. 25 20 BT b TV AT 4 B R . /N B
RIS o 06 I 5 V)T 8 5 B K, 45 FL 0P 8L 1M 48, )
I B9 5L, Xof e 2 070 ok B 55 ] AR [) R /N ) B 07 48 5 1
F R 5 26 1] AR  FR 24 2 J AR IR & . AR5
SEFE/NBR (n=4/4H0) ELISA 5 I i, 75 Wk 35 2 7K F Fi11-
EE S

2.2 FHiEsm ¥ 6~8 BB ML BALB/ ¢ /N
B HL 3 B, = 2H : Mock 4 . LBNSE 4 #1 LBNSE-OVX
M. =2/ BRI 3 IS IBOUL A T A AT S e A 3 H
Hi, Mock 41 7 4f 100 pL J Il ¥ DMEM, jfif LBNSE
1A LBNSE-OVX 21 {E 4§ 100 p1. LBNSE 5 #k (5 [F)
F 1X10%"TCID,,),

2.3 E W EAsEBEALE 2 2 Mock 4.
LBNSE #{ 1l LBNSE-OVX 4 /Nl (n=8/41) % 5% )5
21 d FF2E W I A 20 N BRHE B ORE MOIR S S 1] S R R AR
A o I 22 AR RO A R T A8 A 4L 0 5 PR 1 Y R A
k.

2.4 RERAER REH RS 4R RN
JE WL 5 100 L 100 IMLD;, RABV 3t if 7 #k
Bl 2L S 21 dL7E 21 d WA UL =20/ BRI IR
BOR DL RS AUIR 28 R 9o A DG I DA RE IR - 22 il 1 PR e
ARPE43 P R0 A 77 ih 2k

2.5 PAKAKFAZE  HFE 2 2 H Mock 4.
LBNSE 4 #1 LBNSE-OVX 4 /N S 9% J5 45 2.4.8
JEL o AR AN )R] AR L H 8 B /) MR SR i tAc 4 I ¥
K PR 7 AR 58 (FVAN) Il %2 5t RABV
9o 75 R IA (VN As) K

2.6 HFHFAR IgGl. 1gG2a B A A0 HIE)E 2.
A8 JE B AN B T) a5 R 4L B 5 BUHR IE R il 43 5 I .
96 LA FH AR 51k KOG A 8 SRV 8k 45/ Bl i
2 fE 4% WL B I A 1gG1-HRP, IgG2a-HRP #i {4, 4
ChgE it % J5 F PBST ¥k, In A ABTS, 7 B & .
30%H,0, Bl %.37 CH#OEE (M 30 min, 1%
SDS ™ IE & 5, 75 405 nm 35 KRS 0 I ' B2 R



TR R R A M F RE 202m12H H10%E12M
Journal of Pathogen Biology Dec. 2024, Vol.19.No. 12

o 1427 -

2.7 JAMAMKEL DC wmiat B EEFAN K
REJG A 3.6.9 K, BAIHS H BALB/c /)N RUE B 78 ik
EL 455 WF S i A 200 80, A APC-CD19 ,FITC-CD40
LRI B 4t j 3248 /1% 46 1% &L . i A PE-Cy7-CDllc,
PE-CD86 Hit{& il DC SE4E /i 1015 &l o F I =X 248 M 4%
HEAT R
3 it

R SPSS24. 0 B4 X B4 47 4 A 41 1) B 3R
SRR R 220 B I SEREAR ¢ K SR 56 S
2, P<<0.05 WERHGIT¥E L.

& R

1 BIh#E OVX /NRAER

T WER B SR IS MEECER B = /) BRUSE AL
Y15 ARG 2 R i i 3 e 98 3R K OF R
SCR SR NE 1 s, S5 ERAA e, OVX 4/ BRI
TH MEBCER KO R R AR SRR R =
/N BRI RG HE R )

X %k
150 90- | —
%k %k
= I I =]
£ 100- E 60-
~ oo
] 2
il 50 58 30—
N E =]
0- 0-
Mock OVX Mock OVX
A B

1 REMNRMBEERREKEMFEEEEL (n=4," " P<0.01)
Fig. 1 Changes in serum estrogen levels and uterine weight

in mice after ovariectomy

2 OVX/hREZEMHZEMETN

SN AT G e S AR 21 dL B R R =
ZH /N BURG BT SRS A B 00 R B R AF AT A IER
A BUAE R AR R PR AE o BF A 0 /0N B M T 25 &L PR 04
Kita#, LBNSE-OVX 4 /) B ik 22 1k 5 Hoe W
IR R G ¥ 2R, X415 RV
FAE R B TG OVX /N A KR Z B B2, X/
ST B 2 o 1 (&1 2,3) .
3 RERRIEIEMD

T RGN ) B 2 A 23 5 /) B S g IR A
BRI E R 4 AT T BORE S X B i AR AR 2
HEAT VA B R IE /N BRI SE TR . 2k 21 dL 45
ULIE 4 FHiE 5. Mock 21/ BLUG a8 B0OBUIR S5 1A L J5
WERE RE D L 5 M A R Bl 2 R S I RE AR, HLAE
21 d W4HAET:. LBNSE 20 #1 LBNSE-OVX 41/ ],

TRE T 8l HEFOR S — DI IE R W BV R 3 R 1
ik HAE WS A 404715 - 2R B OVX /) RS Mo
Ja T PLSE A AP 52 RABV B s

1.15-

-

-

o
1

FETILE (%
2
]

1.00—
0.95 T T T T T T 1
0 3 6 9 12 15 18 21
RERRH

-@- Mock - LBNSE -4 LBNSE-OVX

2 GRNMNRABELTHLE(n=8)

Fig.2 Body weight change rate in the vaccinated mice

100

75

50

EH7EER%)

olllllll
0 3 6 9 12 15 18 21

BEREXRE
- Mock - LBNSE 4 LBNSE-OVX

B 3 RABV BRRIPEFH L (n=8)
Fig.3 survival numbers of the mice were recorded
after RABV challenge

4 AT ENE

N T E METOR B 2 1 2 R AR R B R S
P G 8 R FE S8 S 2 8] o4 TR L8 i SR IS ) /) B it
B PR S R R TAROK . S5 R R 5 i, LBNSE
H/NERAE 2 J8 4 JA L8 i i v R BT AR {8 43 5 R 3
1U/mL.4.93 1U/mL,1. 29 1U/mL; &5 55 - FF
J& MR AE 4 SRR 8 SRR, OVX /NERUTE 2
Jil o4 TR L8 JE] I RR AT A B4 4y ) Dy 3. 375 TU/
mL,2.017 1U/mL,1. 126 1U/mL; Fi iR M 75 2 J& B
B o4 Ji 8 JE B M REAR = AN ) A e T 0.5
TU/mL, 5% B/ B H . OVX /N BUZE 4 8 4t 1k
AH EE X FRZH WA L AH 22 S oG b2 3 . X Sl 3R
HH ¢ 22 J E 28 Bl 2 AN 2 5 /) B 7 A R A M K
Vi) RABV HrfI$iiik
5 RABV #RMHHK IgG1.1gG2a MRV

K ELISA 3500 5E e f 2.4.8 J& /Iy Bl 3



- 1428 -

TR AR RS F R E 02412 51055 121

RABV ¥t 1gG1 . IgG2a Hrik W2, Z5 K& 6 fr
RSTEREENG 2.4.8 JE L AL/ 1gGl Ml 1gG2a A
B E2ZS R OVX /MR REH MG RABV %F
S 1gG1.1gG2a [/ AR A LM, Sy BR A 1 Y
J2 SO Th 4 A 32 1) B 98 S v 78 A0 ) 19 £ 4 » Thl
RV 53 W IEN-y 55 B 40 Md 7 2E 1gG2a, Th2 #4453
W IL-4 i3 77 4R TgGLL 85 1 oR OVX /NPT PLjE &
74 Thl BUF Th2 BRI N % . R BEE 2.4.8
JA = A mf a] g 1gGL F 1gG2a 1 0 & B0 %) BEZH /)
B 5 Thl,Th2 AU G5 N8R B, i OVX /)
B 928 i 200 B 0 ) Th2 B8 44 % 00 138 107 25

LBNSE

A-
B
c
D
E-
F
G-

T T T T T T T T T T T
1.3 5 7 9 11 13 15 17 19 21
Mock

Ad 5 1=
B_
cA e 8 4 4K

LR 3N

F ERER

i X fE R

T
7 9 11 13 15 17 19 21

e
w -
(3]

B 4 DNRBEREIEKRERKTSE(n=8)
Fig. 4 The scores of clinical signs of the mice were recorded
after RABV challenge

10
= 8-
£
2 67
&

& a4

<

<

> 2+
o_

2 4 8
RERRAY

Bl [ BNSE mm LBNSE-OVX

B 5 ®EMNREHHRIERNKE(n=8)
Fig.5 VAN titer(IU/ML)of immunized weeks

Journal of Pathogen Biology Dec. 2024, Vol.19.No. 12
< <5 15
# a4 § 4
o
5, % ol § 10
S ~ 2
o a s
d 2 2 23
E 2 & 2 Dos
§1 14 §, 1
o- o- 0.0
2 4 8 2 4 8 2 4 8
RERRR RERRH REGAK
mm LBNSE == LBNSE-OVX
A B C
5 5 * %k
g § m
4] 4
£ &
¥ 3 T 3
o o
& 2 & 27
° s
B B
- -
T T T T T T
2 4 8 2 4 8
REFAK RERAKR
IgG1 1gG2a
D E

A~D ELISA ] LBNSE, LBNSE-OVX 4 /) i 1fil 7 # 1gG1,
IgG2a HLR M AKF, * “ P<0.01,n=5

B 6 SE/NRIES RABV 5514 1gG1 1 IgG2a TF B Hiik

A-D ELISA method was used to measure the levels of IgG1 and
IgG2a antibody titers in the serum of LBNSE and LBNSE-OVX groups
of mice

Fig. 6 Levels of RABV-specific IgG1 and IgG2a subtype antibodies
in serum of immunized mice

6 DCHHEEFENLER

R 2 PR 240 2 e b 1 i S 3o AT L X 8
MR Eh A ZE X F S, CD1lc 4 F &M 50 40 i 2
T 1 L TR R 43 2 R TR A R T b B R T Y
CD86 4rF ik L. B 7A ZRE TR ME ., & 7B 24X
FewCE L B 7C ik e 45 CD86.CD11c De 4i it 5%
/ALK e, MW 7C Al RLE B 5 IR 4 A
F s 545 3 K OVX /NEL CD86CD11ce DC 4 fifd
MG B 9 KRB TR, RU OVX /N RUE e )2
7L B 45 SR AR E L CD86CD11ce DC 41 i 1 L 4]
RN R R TR R A

< T~ ©
S - &= 8
Q
B e o *
- Lymphocytes - /M
H /
FSC-A FSC-A P
CD11c 3 .
Mock LBNSE LBNSE-OVX g u
o1 o “for ) o @ g8 °
s £z,
@ 5E
: £
® 0
3 s H
T i AT S AT, REEEH
CD11c . Mock W LBNSE mm LBNSE-OVX
A B

A BETER B OURMERAE C DC 4 iE KL P
<0.05," " P<C0.01," " " P<C0.001,n=5,

7 B DC 4 AiE LK F B (n=5)

A The gating strategies of DC cells from Lymph node B The
presentative {low cytometric plot ~C  Percentages of activated DC
cells, * P<C0.05," " P<C0.01," " " P<C0.001.,n=5.

Fig. 7 Activations of Dc cells in inguinal lymph nodes (LNs)

from the immunized mice

7 BHREESFENLER
J TGS OVX /N BRI FAE KB J5 10 A 98
A S AN L O o U i e AT i B N 2



TR R R A D F R

Journal of Pathogen Biology

2024 4F 12 F 4519 45 12 1)
Dec. 2024, Vol.19,No. 12

« 1429 -

CD19CD40 B 40 i iy B 2416 DL . &5 R L s . 5
XFHRLAAR B . S 9 )5 OVX /N B ol 354505 1L ¥ &5 L
i CD19CDA0 B 21 Jifd , b 5 36 16 B 28 Jfd Lb 451 32 7
M, 25 9 RS X Rk 3 w257 (8 8, R
T H % S i B3 OVX /) BUIM T2 45 55 42 0% 1k 1Y
CD19CDAOB 4i Jifg (¥ be 3] 7= A= F T B 3 B8 PR F X ]
4,

LN cells

8 3 g
o
& - 2 5] o
[ . OO ... I | g ;e @ pr
FSC-A CD19 @
8
LBNSE-OVX o2
, i3
oo g3
oz
g 2
2 8
SIik 8
6
Days post vaccinat
- = LBNSE == ISE-O
B

A REITER B REEMHWEAE C BAMEMLKFER, P
<0.01," " " P<<0.001,n=5
Bl 8 MERGAMESL BAMFBUKTLR
A The gating strategies of B cells from Lymph node B The

presentative flow cytometric plot ~C  Percentages of activated B

cells, " " P<C0.01, """ P<C0.001,n=5
Fig.8 Activations of B cells in inguinal lymph nodes (LNs)
from the immunized mice

Wi

LW A2 5 BE 2 N S ) AR R R R
K3 T R R T E g
WS R B 48 22 5 £ P %) S0 2 4 i 50t i 20 R 12
Btk ELAR M A CDA™ T 4 00 40 M g RS L i 4 %
ISR YI R F AR B M CDS™ 41 i i b 5 A5 48 -
CD19 B 4 ffg""* i 3% 1L-4 1 IFN-y ¥k B LA % CD4 5
CDS8 4 L E 47 Br FRE ™ . 55— TR 5% o, 4 4
JE PRI IE R T 40 i R oA A% 40 i B0 A BT
IAh s —SEilh RAF 53 s ME — I 7R SR R D) e R 1 b &
e A (Y N R NS e T BN NV B O R |
A LA S BE R B4 L Bl A R SRR L 4 4
PR FAE COVID-19 1 Ky I 2, 4F % 4ok ol Mt 8
TR 38E v 1) 2 S K AT BB ™ EE Y COVID-19
S e G S A — AR

2 1 ) A M 4 20 0 97 93 T g ek B L AR 4 X — 2
AR A2 75 2 5 W B8 B S A S s R R
9T R 5 AR I VG 0 A 22 T 2le R B0 10 1 R L
PROMV A XJ REZEAH LL o 51 S0 BR T AR B AR 1 0 4 3
W r s S0k T 400 B 40 A 1gG Ry = 2B . 264
M 7E HSV-2 8 iy /s BB AU v, B9 B UDBR 855 1 %
B A AR 3P O AR T R B S T o i A L R T
2 27 P A SR T /S B U % B B B ) B 0 g
OB LT O R R T . 5 R AR R AR L
P =AW PUIR A T 20 M 5N b 26 268 I 4 1 o i, FL 3K

RIRIT a3 ME W R KO 5 1eG K FE & B IE A
ST FERERD HINT 2 BB 98 b o BUAE o MEAR B T
BAE Pk Bk A o P B T SR Y TL-6 BT A
DN o LI A e 7 A 1 BT A KT 5 e e Rk R S OE A
ST AR S i P A S B R [ A TR
R[] AN ] o B 28 5 98 1 2R O [) 55 L A5 AN BEAS 3%
5P SR R .

2 2 3 A O 1) M JB 3R KT T S 7 2 R AT R
PE T FE AN I S ORI R A PR AR R R Y
s AT AR IR s B R 2% BT AN RE . FRATABF
L BN YIBR /N BRAE R AE R 2 W S5 17 A G s R
— YR I HAE T 0 A R 5 7 8% e i) 6% PR e A
PRAPE K 1Y vh AT A O 3E AT 7 48 7 AR 0 v AT AR
T WHO 35 i 34 B8 (0. 5 TU/mL) , BRI
SLY)BR /DN BRCE $2 B0 OIE R 52 1 05 7 A 1) v R A K P
Bt 5 I [ 28 8 W O FLE fi 982 I 5% IO ) 5 0k B 2 it
AE M /N B2 8] 7 AR A K T 1 22 B e KL (X R 22
s N e N

W5 R 40 fd (Dendritic cell, DC) J& % & 22 fh 1 T
B N B ATTE TR S 0 40 S 38 v o B
FEEM . M kPi R AL, DC 251 45 & i
Ji 5 BCTE A e B 2k I 455 i MHC [ B F1 MHC
Il B4y T 53 45 CDA™ F1 CDS ™ T 41 g, )i sl 4% S v 4
&R G AR CDAT T 4 jg i/ 5 Thl il Th2 B G
FORE L T B B R A3 A A A 7 A S
PoRDY L 5% B LA e, LBNSE-OVX 41/ BU6e 528 J5
Ji5 5 Y Ik L 45 CD86CD11eDC 4 ifg i1 CD19CDA40B 4
JHL T Ak L A8 RS A RE SR AE . Thl Y20 i 53
IFN-y %55 B 40 Jfd 7 4= 1gG2a, Th2 I 40 Jfl 43 W 114
PG 4 1gGl, 1gG2a 78 Thl Y 455 i 24 o 22 3] il
W BN S SR AE R 2 5 T I SR BREE B ) £ EE
LY, ELISA 45 R 8 oR, g5 2.4.8 J IgGl,
TgG2a FoR R A, & B OVX /N B35 Bl e Bt 9% I v
J WA i ] Th2 B 40 58 [ 2 i X B ZH Thl #il Th2
U G 5 Py 25 Ry A

25 E TR ASHIE ST S B R S DD B /DN BUME R B =
235 W) 30 R s 8 1 2 IS 1 S SOy o BRI DL AR
IR B QR A PE KT B R AR 33X X T 27 Al A 28 3 2 1k
T AT ek A R 7 0 B 1 5 PRI B 26 T 00 A 4o
A5 Sy 4t 28 391 0 PR A R 5 T T S Y 92 S g 4
H"T M S%,

(5% ]

[1] Cao H,Li H,Luan N,et al. A rabies mRNA vaccine with H270P

mutation in its glycoprotein induces strong cellular and humoral

immunity[]]. Vaccine,2024,42(5);1116-1121.
[2] Li M,Fang E,Wang Y.et al. An mRNA vaccine against rabies



« 1430 -

Journal of Pathogen Biology

2024 4E 12 J
2024,

519 B 12 1Y)

Dec. Vol. 19,No. 12

(3]

[4]

(5]

[6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

provides strong and durable protection in mice [ J ]. Front
Immunol,2023;14:1288879.
Hampson K, Coudeville L., Lembo T,et al. Estimating the global
burden of endemic canine rabies[ J]. PLoS Neglect Trop D,2015,
9(4):e0003709.
WHO. WHO expert consultation on rabies: third report[ M.
World Health Organization,2018:1012.
Yu PC,Dan M, He Y.et al. A novel mRNA rabies vaccine as a
promising candidate for rabies post-exposure prophylaxis protects
animals from different rabies viruses[ J]. Microb Pathog, 2023,
185:106425.
Zhang H,Jin H, Yan F,et al. An inactivated recombinant rabies
virus chimerically expressed RBD induces humoral and cellular
immunity against SARS-CoV-2 and RABV[]J]. Virol Sin, 2023,
38(2) :244-256.
Ciarambino T,Barbagelata E,Corbi G,et al. Gender differences in
vaccine therapy: where are we in COVID-19 pandemic [ ] ].
Monaldi Arch Chest D,2021.91(4).
Hoffmann JP,Liu JA,Seddu K,et al. Sex hormone signaling and
regulation of immune function[ J]. Immunity,2023,56(11) :2472-
2491.
Zhang C, Yu D, Mei Y, et al. Single-cell RNA sequencing of
peripheral blood reveals immune cell dysfunction in premature
ovarian insufficiency[ J]. Front Endocrinol,2023,14:1129657.
Han A,Kim JY.Kwak-Kim J,et al. Menopause is an inflection
point of age-related immune changes in women[]J]. ] Rep
Immunol,2021,146:103346.
Wan J,Yang J, Wang Z.et al. A single immunization with core
shell structured lipopolyplex mRNA vaccine against rabies
induces potent humoral immunity in mice and dogs[J]. Eme
Microb Infect,2023,12(2):2270081.
Reame NE, Lukacs JL, Olton P, et al. Differential effects of
aging on activin A and its binding protein, follistatin, across the
menopause transition[ J]. Fert Steril,2007,88(4) :1003-1005.
Gameiro CM, Romao F, Castelo-Branco C. Menopause and
aging:changes in the immune system-a review[ ]J]. Maturitas,
2010,67(4):316-320.
Kamada M,Irahara M, Maegawa M,et al. Transient increase in
the levels of T-helper 1 cytokines in postmenopausal women and
the effects of hormone replacement therapy[J]. Gynecologic
Obs Investigat,2001. 52(2):82-88.
Patel MV, Shen Z, Rodriguez-Garcia M, et al.
CD8 + T cell-mediated

Endometrial

cancer suppresses cytotoxicity in
postmenopausal women[J]. Front Immunol,2021,12:657326.
Fischer V, Haffner-Luntzer M. Interaction between bone and
immune cells: Implications for postmenopausal osteoporosis[]J].
Seminars Cell Developmental Biol,2022. Elsevier.

Kumru S, Godekmerdan A, Y? Imaz B. Immune effects of

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

surgical menopause and estrogen replacement therapy in peri-
menopausal women[J]. ] Rep Immunol,2004,63(1):31-38.

Abildgaard J, Tingstedt J, Zhao Y, et al. Increased systemic
inflammation and altered distribution of T-cell subsets in
postmenopausal women[]J]. PLoS One,2020,15(6) :e0235174.

Kanda N, Tamaki K. Estrogen enhances immunoglobulin

production by human PBMCs[J]. J All Clin Immunol.1999,103
(2).282-288.
Liu Y.Li H,Peng Y.et al. Impacts of pregnancy and menopause
on COVID-19 severity:a systematic review and meta-analysis of
4.6 million women[J]. QJM: Internat ] Med, 2023. 116(9) .
755-765.

Dambha-Miller H, Hinton W, Wilcox CR, et al. Mortality in
COVID-19 among women on hormone replacement therapy: A
retrospective cohort study[J]. Family Practice, 2022.,39(6):
1049-1055.

Ding T.Zhang J,Wang T,et al. Potential influence of menstrual
status and sex hormones on female severe acute respiratory
syndrome coronavirus 2 infection: a cross-sectional multicenter
study in Wuhan, China[ J]. Clin Infect Dis, 2021,72(9) : e240-
e248.

Engelmann F,Barron A,Urbanski H,et al. Accelerated immune
senescence and reduced response to vaccination in ovariectomized
female rhesus macaques[J]. Age.2011,33:275-289.

Pennock JW, Stegall R, Bell B, et al. Estradiol improves genital
herpes vaccine efficacy in mice[J]. Vaccine,2009,27(42) :5830-
5836.

Nguyen DC, Masseoud F, Lu X, et al. 173-Estradiol restores
antibody responses to an influenza vaccine in a postmenopausal
mouse model[ J]. Vaccine,2011,29(14) :2515-2518.

Engelmann F, Rivera A, Park B, et al. Impact of estrogen

therapy on lymphocyte homeostasis and the response to seasonal
influenza vaccine in post-menopausal women [ J]. PloS one,
2016,11(2) :e0149045.
Potluri T, Fink AL, Sylvia KE, et al. Age-associated changes in
the impact of sex steroids on influenza vaccine responses in males
and females[J]. Npj Vaccines,2019,4(1):1-12.

Sabado RL, Balan S, Bhardwaj N. Dendritic cell-based
immunotherapy[J]. Cell Res,2017,27(1):74-95.

Yin X, Chen S, Eisenbarth SC. Dendritic cell regulation of T
helper cells[J]. Ann Rev Immunol,2021,39:759-790.
Ruterbusch M, Pruner KB, Shehata L,et al. In vivo CD4+ T
cell differentiation and function: revisiting the Thl/Th2
paradigm[J]. Ann Rev Immunol,2020,38:705-725.

Singh M, O’Hagan D. Advances in vaccine adjuvants[J]. Nat
Biotechnol,1999,17(11) :1075-1081.
[ E#AY  2024-05-21

[fEE B 1 2024-08-14



	2024-12

