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Ye B oA RTFIIR A . A . RS iR
KR RS AR R G IREY, R AR ZIK VY
TGRSR, ZIK VIR M A B 255, TR
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AR, WFFEE IR A STAT23E H # A (human
STAT2 knock-in, hSTAT2 KI)/NRAE K ZIK VIR YLAps 5
VI BAG SERE A TRN-I(5 Sl 1, HEZIK VS
PREFAE S 20T ARG IR R WFo M, YL nt,
hSTAT2 KI/)EU kS /NS S5 SEA 228, ARG A Az
RN, ST ZIK VIS X A R 1 R i sh S T HL
FIRAE T B AR Y S22 1L

Nkx2-3FThx 152 V83 41 AL F#8 B & & A G
(R FERE S T Nkx2- 30 WOEIE R 2SS B R T
FGAE P p B AR A0 Thal SRR 4 o
PRFN B [Pk & T b AR R s VR L 0L R, B AT
ARG, JCHIEZIKVIERYL S It B b e FAAS
ik

AHF5E LLEAT AR S8 e T RBAYhSTAT2 K1/
SUMSIIRRL, AT T ZIK VIS L % S AL R ek
ISR, 7R 1 S N 1 Nioe 2- 3R Thx I S7E A K 1 f vp
MIREVE . Z RN R T X # e 5 | kit
A B R AL PR, oA A TR T SR IS SR A TR
(AR5 B 1.

1 MBI
1.1 W

FERIRTE(SMGC-18k, WIMER, GenBank/¥3)%5:
KX266255) ALY 2 RAF. IR EETECO/36 41 i
FE6K JEUSCHR, 38 1 e 7 T BE S U5 7F Vero 21 A Azl s

TEMEE, BT BT HE 2R N 1.1%, BT IS EC
WR[17]. JRHEORAT1E—80°C & H.

1.2 40l

C6/3641M1, LU A, &R
10% JR4E L7 (fetal bovine serum, FBS)FI1%75 %5
455 E WP (penicillin-streptomycin, PS; Hyclone, 3%
E)AYRPMI-164055 55 5 (Roswell Park Memorial Insti-
tute, RPMI; Gibco, S&[H); 5 251 FE i FH 2% FBSAH
1% PSHJRPMI-1640%5 773, A0 AF28°C iR 1% 46
rhEEFE.

VeroZfiJitd, AEUNZRME B M. H RIS TR FH 5 5%
FBS#11% PSHMEM(minimum essential medium, Gib-
co) i FRAE; MY 1% 2% FBSHI1% PSHYMEM
REFRE. ZANAAE37°C, 5% COMBMEEEFRAA R FE.

1.3 i sy

hSTAT2 KUIMNRIW H JacksonSE 80 %, I T ICHEE R
SRR S TR TR B, /INEREE DR 7 DL SR i =
J¥(polymerase chain reaction, PCR) 5 %&E, 519+
FA: 5'-AGGAGGCTGAGGTAGAATCACT-3', 5'-
TGGAGAGATGGCTCAGAGGT-3".

6~8JE IS I HEPERSTAT2  KI/IN B I v 5 1 10
PFU ZIKVz} 45 & PBS(phosphate-buffered saline), 437
TE R R IR . A6 H/NR, Hod3 Bl
3T, 3R EEE WSS, SER WS B H il s/ NI
PR . R, TSR, X/NRAE
Jiti % SR AL, WAESE L. SEALZR4% 2 T[S e 24 hm %
R T5% T, RS K AT A A 3

FITAR S S g R IR (SR s s AR ) AT,
It H BRI Sl S5 M S B W A1 2 D1 st
HEIEHZ 5. AEEI-2020-189).

1.4 JpARFEGEI Y40 (hematoxylin and eosin staining,
H&E)

SRR ZIKV JE S2 LR R ERAE (L, JEIE6 umi)
BV R A Z W R L BE, IR R R YA
8 min. LG4 A20 minf5, VIR PRI HLTE S BER—
FOR K, e R
1.5 it

HERER ZIK VI 52 AL A 5 240 Jf 26 7 A K Nk 2-3
FIThx15MFIRAEOL, JEERE6 um ) S2 L) Fr 285 FIL I
J&, HUAF —Pi4°CE B A BT Anti-ZIKVHTIA4G2
(AR 52563 £ THRAF) . Anti-DDXA4HTIA(Abcam, £75
ab27591, ), Hdbi: Anti-CD45Pi{A(Abcam, 5
ab10558). Anti-ZO1$i&k(Abcam, %*5ab221547),
Anti-OCCLUDIN#{ A& (Thermofisher, #7*5RB232928,
%), Anti-F4/80PTf&(Abcam, #%5ab100790), Anti-
S100A4%ii4(Cell Signaling Technology, 5130188,
ZEE). Anti-Vimentinfii{&(Cell Signaling Technology,
T2455741), Anti-NKX2.3Pi/K(Novus, %5 NBP2-
13659, 2[E). Anti-TBX15Hif&(Novus, $55NBP2-
49036). Anti-ATM¥L{K(Abcam, $75ab201022); %X
J55Alexa Fluor 488%'4/NilIgG (Z¥i, Invitrogen,
5 A21202, E[E)Alexa Fluor 594441/ ilIgG
(Z¥i, Abcam, $75abl150108)=Alexa Fluor 594%
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PiflgG (P, Invitrogen, $75A21207) 37°C T k7
B h; EJaflHEDAPIFZOtE F L h A2 &4,
PFZL1-9557, HEHE . K& HOLYMPUS BX61
.

1.6 Wik 3 EPCR(reverse-transcription quanti-
tative PCR, RT-qPCR)

fifi F TransZol# #LRNA$2 UL & (AL = 04,
PESETI01, 1 EHIRBCEE LA SV ) BIRNA, SRJ5 K
FastKing— 2k [ i s 96 € #IX1 & (SYBR - Green
%, RARAEALEH:, 25 FP313, H ) ZH 2 A Nk 2-
3FThx 1 SHIMRNAZRIE IR, VA GapdhZZibVE brifEfl
£ FTHBIMFSNIT: Nix2-3: 5'-GCGGGAGAC-
TGTAAGACGAG-3', 5-TTATCCTGCCGCTGTCTCTT-
3" Thx15: 5-TTCCATGATATCGGAACAGAGA-3'; 5'-
ATGGCAGGAAACATCCTCCT-3"; Gapdh: 5'-
AGGTCGGTGTGAACGGATTTG-3"; 5-TGTAGAC-
CATGTAGTTGAGGTCA-3'.

L7 SORRSEHIRNAI

RNA-seq/MT: J8YL 5 S RINEEZIK VIE YL 4] FIPBS
ST RAZH /N LR ILZH 4. RNAFZE: TRIzol (Thermo
fisher, 7515596018, 2[H); ¥ F£5: lllumina Nova-
seq™ 6000, PE150f5. RNASCEERY @ AMRNANF Y
FHATCPH I ) 1 A= P AR PR A7 BIR A R 58 A

scRNA-seq WKAMT: ZIKVIERGE 14K 520 il
M T H A E & R AR (SRA: PRINA102-
8143), FiAbFEyEARE 5 I SC—EL.

1.8 -5 AV B 4% (protein-protein
interaction network, PPI network)FIX4] 3

%

F A EAEFHEER R T H(Search Tool for the
Retrieval of Interacting Genes, STRING, fR74<12.0,
https://cn.string-db.org/ )M M 4%, £543>0.409H EAEH
BN B Y. i FH Cytoscape k{4 X PP 45 3547 n]
AL, I B CytoHubbalffi {4 %8 18 KX 2 B A 19

1.9 Silnbr

f#FGraphpad Prism 8.03K 4% Bl A 148 11270
Br, BT B LF B AR DR (Meant SEM) %,
P<0.05FRZE 5 BAGEH 7 L
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2 4%

2.1 ZIKVEG RG] S 3 5 DRl 4/ D UL
UVES R

ARG T 6~8JEIMAhS TAT2 KUMEYE /N B Ry 52
SR, 24 SRS [ PCRY 1 K SE I LIk 43 #r,
NI SE56 /N R WhSTAT2 K44 T-(181(a)). Y
/NGB 5T 1x10* PFU ZIKV, X BRI 7 545
RFAYPBS. 5 A Hid s/ NRIKE AL . KEtk
FAAFEOL. TG/ N R PR IR J5 2~3 K H L,
RAE S SE S N BB S . e SR AR DY,
SN AR T 2 IR R g, 50 IR AT Lk
BEitaSE (b)), Mok, BRYLH /N AE L N
WARIET (K 1(0)).

VAL ZIK VB T A 5 R G s, FRAT T4
JERYLER SRR AR /N FRUAY 52 LA LA TR A5 2R A2
UKL, X RRZEAR LE, SRR/ B SR LT D
KA BN 1, e)), 3RZIK VRG] e S 3k
SLAHZITRE B AR . H&EZS 3 R, B2/
S2 AL MRS /N P9 2 A I HE S s B B 2L (BT 1)),
AL AT WA R PRI (1 (g)), ERIELE
BRPEARNE. (EAFE AR, /N RS LA 2 S R o
ARRFSEHE, -2 57 B ULIA S BE IR, SertoliZi A [f] (1)
BRI SR (R 1 (h, 1)), IXLe4E KB, hSTAT2 KI
T UL ZIK VG R 5 AR ZIK VIR & ALl 52
FURERRRAE, A045 52 S IR RNAR BE S0 SO, (HAS H B
FEE RS IR, R, s R TS
ZIK VYL BN ARG o R i s i S = F-AIL .

2.2 MR EVEIE ZIK VIR R by e
HOZMiR

Sk ) B ZIK VR e L 7 S22 2P i 4 R
FATR T ZIK VAL IR (B HDBUA S 200 20U
SRR T . SRR, ZIKVHT
JRPH MG o R T 220, JFS E A bR
F4/80 52 BLER XL E AL (K2(a)); HIRS/INE AT BE I P
PEYLAAE 5 (E2(b, o). dlad it —2 R A0 & B, (8] )5
PR S ) I A i = R R T B, R bR
YIS100A45E FHPEF IR (KI2(d)). X 5FATAYRTIHINT 25
FAVIAL, BIS100A4 P SR/ B WG 4R ZIKV B
1 B, IR R B B A i ZIK VAR 52 L 2H 21
BRGNP 3. T LA LSRR, 7EZIK VI 1


https://cn.string-db.org/

(a) (b) (c)
— S ) 100-.—ci-—<::;::’:§><i - q 100
1 ng i M M > B % - Ctrl
g 754 = ZIKV 3 54 - 7IKV
5 g
5 s @ 1504
3 g
> 25 O 254
K ]
a o
0 1 1 ] T 1 c T 1 1 I 1
0 1 2 3 4 5 0 1 2 3 4 5
Days post infection (dpi) Days post infection (dpi)
(d) (e) (f) Ctrl ZIKV (9) Blank ctrl ZIKV
0.854 P =0.0012 0.1+
T . S 4 P=0.0379
S 0.80 =]
= ofs  E 0.104 0 -
© 3 ° -% e -
5 0.75+ fI; g 1; 3]
7] ® 2 L o
"...; ° % 0.094 g
8 0704 2 ] .I.
L]
0.65-————7——  0.08 -
ctrl  ZIKV ctrl  ZIKV
(h) Blank Ctrl ZIKV (i) Blank Ctrl ZIKV

DAPI/ZO1
DAPI/OCCLUDIN

Bl 1 (R RUF ()hSTAT2 KI/NFUSE R K ZIK VIR R A4 HT. (a) hSTAT2 KU R EE R AU E G521 (b, ©) ZIK VISR /NI A4 (b) S
FAE () BISEIR 06 IR =3 FUNEL, 1S4 n=3 HUNR); (d, e) ZIK VIS AU A A 520 (d) SERUIE TEEL, (¢) SEALTTH A8 P (BE A Bl
RN B AR LR 25 3R, AR 28 Sl IS REAS AR B HEAT 40T () SR U B2 03T (g) SR LI BT A LA R i 1
BL. (h, 1) 1L-S2 5 RESE AT AL, ZIKVIEe /N BRI BN B S AL B8 ZE H 819 2011 (h) HIOCCLUDIN () Y 3k 1 L

Figure 1 (Color online) Construction of the hSTAT2 KI Mouse Model and Phenotypic Analysis of ZIKV Infection. (a) Genotypic identification of
hSTAT2 KI mice. (b, ¢) Impact of ZIKV infection on body weight (b) and survival rate (c) in mice (control group: n=3, infected group: n=3).
(d, e) Effects of ZIKV infection on testicular morphology. (d) Comparison of testicular length, (¢) Changes in testicular mass (each data point represents
an individual testicular sample; data are presented as meantstandard error, and intergroup differences were analyzed using an independent sample

t-test). (f) Histopathological analysis of testicular tissue. (g) Inflammatory cell infiltration in the testicular interstitium. (h, i) Assessment of blood-testis
barrier integrity. Expression of tight junction proteins ZO1 (h) and OCCLUDIN (i) in the testes of ZIKV-infected and control mice

B, ST00A4BHH: BAZ /15 W40 i 2 S S aH 2R P ) 5 hSTAT2 KI/NR SR AL LU 7o s 2l oA, I LAAH TR &)

AR, W OPBSHERSALE XTI, M4 R, R

. . N FALE, M AL ST RS 177 122 5 AR I,

23 ZIKVESR U AANBRHIR BRI yapisoaem i im, 214360 53 F I3 )
Akl AL

GOR AT IR, XL R FRIRFEN ER T LT

R AE N SR KT A ZIK Vg e BU X 52 AL 2 21
sZma AL, FRATR FHRNA-Seq AR XYY 5 5 K11

IHREZET: 7E4RMIZH 53 (cellular component) 5 Ifi, '
AT IR B 43 (integral  component of plasma
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(a) DAPI/ZIKVIF4/80 (b) DAPI/ZIKV/DDX4

Blank
Blank

Ctrl
Ctrl

ZIKV
ZIKV

Blank
Blank

Ctrl
Ctrl

ZIKV
ZIKV

B 2 (PBIZR R () ZIK VIS hSTAT2 KU SEALZ A AIIEIE L ST, (a~d) ZIK VAL LU ZIKVHT IR TR R 402 RUR s 4y i e iz 43
Br. (a) ZIKV EFEFERE) S FE VAR EYF4/S0(LL @) ILER 0T, (b) ZIKV EHE (SR E) 5T MR S DDX AL )1 S B i
() ZIKV B |1 (4 t0) 5 S0 IAR A5 Yy Vimentin (21 6)LE RL538T; (d) ZIKV B2 P (SR ) 5B BRI B LA AR A4 S 100A4(ZL () I 2 g
(VA

Figure 2 (Color online) Cellular tropism of ZIKV infection in testicular tissue of hSTAT2 KI mice. (a—d) Colocalization of ZIKV antigens with
various cell type markers in testicular tissue. (a) Colocalization of ZIKV E protein (green) with the macrophage marker F4/80 (red). (b) Colocalization
of ZIKV E protein (green) with the spermatogonia marker DDX4 (red). (c) Colocalization of ZIKV E protein (green) with the Sertoli cell marker
Vimentin (red). (d) Colocalization of ZIKV E protein (green) with the bone marrow-derived macrophage marker S100A4 (red)

membrane) . [ Z 4 (membrane) F14H i i (cytoplasm) s H )3 #i (biological process) s T F B HE & S5 TR FE AR XS
MMLEFIAC A H; 5 FOfB(molecular function) 7 #55(EI3(b~d)). IX— & IIE/R, TEZIK VYL 7L, S0
I, FES5EA S E (protein binding) 5 F; (H7E AT fig RN M MG AL 53 A T DI e B 2R
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(d) Reactome Enrichment BarPlot
L L

Gene Number

Reactome Name

FFAIE. (a) ZIKVIERG /N S5 B/ RS2 AL 22 S 3k 3 H 0 K L (b~d) 450

&1 3 93) Sk 7R ZIK VIR /N B 56 Hi/IN BUE2 AL H 22 S 36 R B GO & 4R 43T (b) . KEGG i #3HT(c) FReactome & 3 Hr(d) 2

Figure 3 (Color online) Bulk transcriptomic features of ZIK V-infected testes in hSTAT2 KI mice. (a) Volcano plot showing differentially expressed
genes in the testes of ZIKV-infected and control mice. (b—d) Bar charts showing the enrichment analysis of differentially expressed genes between
ZIK V-infected and control mouse testes: (b) GO enrichment, (c) KEGG pathway enrichment, and (d) Reactome pathway enrichment

SR SRR ZIK VIR %] 52 AL L 20 53 ) 5 S P
SO, JHRTOM I REHE R AR Y P IRl a8, FRATR
R4 & 550 1 (gene set enrichment analysis, GSEA)
FiE, R 01 T 2k HGene Ontology(GO). Kyoto En-
cyclopedia of Genes and Genomes(KEGG)#{IReactome%§
PEER DI RE I A R Rk B k. GSEAJMT AR IR,
XA, YA/ R AL SR 2 5k R
IjfE(mitochondrial function) FIZ AN BE (ribosomal
function)AH 5 % 5 K 4 52 B1LIE 35 3005 RS (K 4 (a~1)).
X —RIRIR, TEZIKVIEGL R, S b ml aefe
TELRNA S AZREA T BE S

2.4 Nkx2-3R1Thx 155 15 eS8 UHE I 26K 1% 3580
FReHEFEH

IR SR Ao T R, ZIK VIR YL R AT &
ﬁ%ﬂéﬂ]ﬂ@tﬂf)‘luéﬁ*ﬂﬂiﬂﬁﬁwm BB A R REE Y
FERRIBIEZETL. 5 X — i P R A A O D
AL, FRATTR AR WG B0 W i eI

B, #7702 R GA SRR A STRINGEUE 2,
PR - A EAE 2%, IF P ] {5 B B
(confidence score >0.4). PfiJ{di FHCytoscape K Fi#E4T
WL AT RRAL, I FHCytoHubbaddi {4 4% 0 3 A (hub
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(a) small ribosomal subunit (b) mitochondrial small ribosomal subunit (c) mitochondrial ribosome
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P Value « 0; FOR Value = 0.0022247015 P Value « 0; FOR Value = 0 P Value « 0; FOR Value « 0
; ; i
£ : !
2 2 2
& & g
E é é 00
ER e — = — oof = —
3 sl 28! 3 s
& ot or 3 p
501, 504 504
10000 20000 30000 40000 10000 20000 20000 40000 10000 20000 30000 40000
Rank in Ordered Dataset Rank in Ordered Dataset Rank in Ordered Dataset
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Bl 4 (MZRE ) ZIKVIEJEhSTAT2 KUMRSEILHSIWIERE R AT (a~h) GSEA-GOE S AT TR K R BRI A S Y B SRR
(i) GSEA-KEGG & #7317 M AAR DGR & 4R ARTE; (~1) GSEA-Reactome's 4 34T A S LA AR DG 1 '8 SR AT

Figure 4 (Color online) Gene set enrichment analysis of ZIKV-infected testicular tissue in hSTAT2 KI mice. (a~h) Enriched ribosome- and
mitochondria-related terms from GSEA-GO enrichment analysis. (i) Ribosome-related enriched terms from GSEA-KEGG enrichment analysis.
(3-1) Enriched ribosome- and mitochondria-related terms from GSEA-Reactome enrichment analysis
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Figure 5 (Color online) Screening and functional analysis of key genes. (a) PPI network construction and hub gene identification. PPI network was
built using 77 differentially expressed genes, based on STRING database data with a confidence score cutoff of 0.4. The top 10 hub genes—Calm4,
Scnda, Cnfn, Ppplr3a, 111f5, Perp, Rpl3l, Tmem38a, Cox6a2, and ltgh1bp2—were identified using the CytoHubba plugin. (b) Functional enrichment of
hub genes. Gene Ontology (GO) enrichment analysis of the top 10 hub genes was conducted using the BinGo plugin. The results were categorized into
three sub-networks for visualization: molecular function (top right), cellular component (bottom left), and biological process (bottom right)
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Figure 6 (Color online) Transcription factor-gene interaction network in ZIKV-infected testes of hSTAT2 KI mice. (a, b) Prediction of activated
transcription factors in mouse testes at 5 days post-ZIKV infection based on RNA-Seq data. (c—e) Transcription factor regulatory network of
differentially expressed genes predicted by NetworkAnalyst, including node connectivity (c), the transcription factor regulation network of differentially
expressed genes (d), and the regulatory pathways of Nkx2-3 and 7bx15 (e)
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Figure 7 (Color online) Expression of transcription factors and hub genes in testicular cells of hSTAT2 KI mice at 14 days post-ZIKV infection.
(a, b) Bubble plots showing the expression of transcription factors Nkx2-3 (a) and 7bx15 (b) in testicular cells. (c—f) Bubble plots showing the expression
of transcription factors Nkx2-3 and Thx15 in spermatogenic cells (c), spermatogonia (d), spermatocytes (e), and spermatozoa (f). (g—o) Bubble plots

showing the expression of hub genes in testicular cells
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Figure 8 (Color online) Spatiotemporal expression patterns of transcription factors in the testes of ZIKV-infected hSTAT2 KI mice.
(a) Immunofluorescence colocalization analysis of NKX2-3 and DDX4 (spermatogenic cells) in the testes of ZIKV-infected and control mice.
(b) Immunofluorescence colocalization analysis of TBX15 and DDX4 (spermatogenic cells) in the testes of ZIKV-infected and control mice.
(c, d) Temporal changes in Nkx2-3 mRNA expression in the testes of hNSTAT2 KI mice at 5 days (c) and 14 days (d) post-ZIKV infection. (e, f) Temporal
changes in 7hx/5 mRNA expression in the testes of hSTAT2 KI mice at 5 days (e) and 14 days (f) post-ZIKV infection. Data are presented as mean
+standard error. For (¢) and (f), non-normally distributed data were analyzed using the Mann-Whitney test; for (d) and (e), normally distributed data
were analyzed using an independent samples #-test
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Figure 9 (Color online) Analysis of intercellular communication characteristics in testicular cells of ZIKV-Infected hSTAT2 KI mice. (a) CellChat
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Figure 10 (Color online) Receptor-ligand interaction profile of testicular cell signaling pathways in hSTAT2 KI mice after ZIKV infection. Heatmap
shows the expression of activated receptor—ligand pairs involved in signaling pathways in testicular cells from control and ZIKV-infected mice
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Nkx2-3 and Tbhx15 mediate organelle dysfunction in testicular
cells during early Zika virus infection
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Zika virus (ZIKV) infection is associated with various reproductive and neurological disorders; however, the precise
molecular mechanisms by which it affects the male reproductive system, particularly spermatogenesis, remain poorly
understood. A key challenge in this research is the heavy reliance on interferon receptor knockout (Ifnar™"~) mouse models.
Although these models are widely used due to their heightened susceptibility to ZIKV, their severe testicular pathology
significantly limits the ability to examine early-stage and temporally dynamic molecular alterations. To address this, we
used human S7472 knock-in (hSTAT2 KI) mice with intact immune function as a more physiologically relevant model to
systematically examine early molecular and cellular responses in testicular tissue following ZIKV infection.

We found that during the early phase of infection, ZIKV selectively targets S100A4-positive monocytes and
macrophages within the testicular interstitium, while other known susceptible cell types, such as Sertoli cells and germ cells
remain uninfected at this stage. Despite this restricted viral tropism, bulk RNA sequencing revealed widespread
transcriptional reprogramming in the testes, characterized by aberrant activation of pathways related to ribosome
biogenesis, mitochondrial function, and cellular stress. These results indicate that even localized infection can elicit broad
molecular disturbances within the testicular microenvironment.

To obtain higher-resolution insights into cell type-specific responses, we performed single-cell RNA sequencing
(scRNA-seq) at 14 days post-infection. The results revealed widespread dysregulation of gene expression across multiple
testicular cell populations, including spermatogonia, Sertoli cells, and Leydig cells, regardless of whether they were
directly infected by the virus. A core set of differentially expressed genes showed consistent alterations across these cell
types. Through transcriptional network analysis and in vivo validation, we identified Nkx2-3 and Thx15 as candidate
transcription factors that may drive these transcriptomic changes, particularly within spermatogenic cells. These regulators
are likely to function downstream of immune or stress-related signals originating from infected interstitial immune cells.

Furthermore, CellChat analysis of intercellular communication indicated that immune cells may influence germ cell
function through paracrine mechanisms, particularly via the PSAP signaling pathway. This interaction was associated with
transcriptional signatures indicative of DNA damage and cellular stress in spermatogenic cells, suggesting that immune-
mediated signaling rather than direct viral invasion plays a pivotal role in early-stage testicular injury.

Although ZIKV remains largely restricted to the interstitial compartment and does not invade the seminiferous tubules,
we observed significant transcriptomic changes in both germ cells and supporting somatic cells. These findings underscore
the critical role of the testicular interstitial microenvironment in mediating the wider impact of localized viral infection.

In summary, our study offers a comprehensive molecular and cellular characterization of the early testicular response to
ZIKV infection in a physiologically relevant immunocompetent mouse model. These findings highlight the critical role of
non-cell-autonomous mechanisms, particularly the interactions between immune and germ cells, in mediating ZIKV-
induced testicular dysfunction and provide novel insights into potential therapeutic targets for preserving male fertility.

Zika virus, Nkx2-3, Thx15, testis, organelle dysfunction
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