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Pseudorabies virus (PRV) imposes heavy economic burdens on the worldwide pig
industry. STAT3 is a well-established regulator of antiviral immunity; however, its
functional roles and underlying mechanisms during PRV infection remain poorly
defined. Here, we observed that PRV infection robustly induces STAT3
phosphorylation. We further characterized the functional contribution of STAT3 to
PRV replication. Our results demonstrated that knockdown of STAT3 markedly
facilitates PRV replication, whereas overexpression of wild-type STAT3
(STAT3WT) significantly suppresses viral replication. Consistently, the
constitutively active STAT3 (STAT3P%!V) inhibits PRV replication, while the
dominant-negative mutant STAT3 (STAT3Y7%F) strongly enhances viral replication.
In vivo assays further confirmed that PRV replication is greatly elevated in
STAT3Y"%"* mice. Mechanistically, STAT3 modulates PRV replication by
positively regulating critical innate antiviral genes, including IFITM1, IFIT2, and
ISG15. STAT3 knockdown reduces the expression of these genes; conversely,
overexpression of STAT3WT or STAT3P®!V elevates them, and disruption of
STAT3 Y705 diminishes their expression. Moreover, STAT3 modulates the
production of the pro-inflammatory cytokine interleukin-6 (IL-6) upon PRV
infection. Collectively, these findings reveal that STAT3-mediated innate immune
responses are essential for host defense against PRV infection, highlighting its
capacity to restrict PRV replication via regulating antiviral genes expression and IL-
6 production.
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resistance to pseudorabies virus infection in a phosphorylation-dependent manner. Pak Vet J, 46(10): 2487-2498.
http://dx.doi.org/10.29261/pakvetj/2026.239

INTRODUCTION et al., 2020; Chen et al., 2023). Beyond swine, various
other mammals are susceptible to PRV infection,
Pseudorabies virus (PRV) is an enveloped, including cattle, sheep, cats, dogs, and wildlife (Musante

neurotropic double-stranded DNA virus belonging to the
family Herpesviridae, subfamily Alphaherpesvirinae, and
genus Varicellovirus. Its genome spans approximately
143 kb, encoding over 70 viral proteins (Liu ef al., 2022a;
Ye et al., 2023). The clinical outcomes of PRV infection
vary substantially with host age. Newborn piglets
primarily develop fatal central nervous system disorders,
predominantly encephalitis, with mortality approaching
100%, whereas adult pigs mainly exhibit respiratory
distress and reproductive dysfunction (Laval and Enquist

et al, 2014; Papageorgiou et al, 2024). Increasing
evidence suggests that humans are also potentially
susceptible to PRV infection. Although several suspected
human cases have been reported (Liu et al., 2022¢c; Wang
et al., 2024), only a few cases have been confirmed
through high-throughput viral genome sequencing (Yan et
al., 2023). PRV glycoprotein gD mediates viral entry into
human cells by interacting with the nectin-1 receptor. This
gD protein is highly conserved among porcine PRV
variants and exhibits comparable binding affinity for

2487


http://dx.doi.org/10.29261/pakvetj/2026.239

2488

human and porcine nectin-1 (Zhang et al., 2011; Li et al.,
2017). In addition, the PRV tegument protein UL21 has
been identified as a potent suppressor of host innate
immune responses. Mechanistically, UL21 triggers cGAS
degradation  through TOLLIP-dependent selective
autophagy (Ma ef al., 2023).

The innate immune system serves as the first line of
defense against viral invasion. Upon recognition of
pathogen-associated molecular patterns (PAMPs) by host
pattern recognition receptors (PRRs), interferons (IFNs)
and pro-inflammatory cytokines are produced to jointly
constrain viral infection and replication (Holicek et al.,
2024; Neurath et al., 2024). Specifically, ligation of type I
IFNs to their receptors (IFNAR1 and IFNAR2) activates
the JAK-STAT signaling cascade, leading to the
expression of abundant IFN-stimulated genes (ISGs) (Yin
et al., 2021; Wang et al., 2024). Among these ISGs,
ISG15 is wupregulated during PRV infection and
suppresses viral replication by enhancing IFN-B
production (Zhang et al., 2021). Consistently, ISG15-
knockout mice exhibit enhanced susceptibility to PRV
infection (Li et al., 2022). Mechanistically, ISG15
promotes the assembly of STAT1/STAT2/IRF9 complex
(ISGF3) and enhances ISGF3-dependent transcriptional
activation, thereby strengthening type I IFN-mediated
anti-PRV responses (Liu et al., 2022b). OASL is another
critical ISG with anti-PRV function. Chen et al. found that
OASL constrains PRV replication by amplifying RIG-I
signaling and driving RIG-I-dependent IFN production.
To circumvent this host defense, PRV utilizes its UL24
protein to repress OASL transcription, thereby dampening
RIG-I signaling and abrogating the OASL-mediated
antiviral effect (Chen et al., 2021). Furthermore, IFITM
proteins are key restrictive factors for PRV infection.
IFITM1 confers strong anti-PRV activity, as IFITMI1
knockdown increases PRV titers, whereas IFITMI1
overexpression impedes PRV cellular entry (Wang et al.,
2020). Differently, IFITM2 restricts PRV infection by
inhibiting viral binding and entry in a cholesterol-
dependent manner (Xie et al., 2020).

STAT3 participates in a wide range of critical
biological = processes, including cell  survival,
differentiation, proliferation, and cell-cycle regulation
(Zou et al., 2020; Hu et al., 2024). For instance, STAT3
enhances the effector functions of CD8" T cells against
herpes simplex virus type 1 (HSV-1) infection (Roca
Suarez et al., 2018; Faust ef al., 2025). Following viral
invasion, STAT3 is selectively activated by type I IFN in
multiple cell types and negatively modulates the type I
IFN response (Wang ef al., 2011). Studies have shown
that induced phosphorylation of STAT3 at the Y705 site
regulates antiviral immune responses during the early
stage of influenza virus infection (Liu et al, 2023).
Furthermore, STAT3 inhibits viral replication by inducing
distinct subsets of ISGs (Mahony et al., 2017). Silencing
STATS3 not only promotes the replication of vaccinia virus
and influenza virus but also impedes the induction of
ISGs, such as PKR, OAS2, and ISG15 (Mahony et al.,
2017; Yoshida et al., 2024). Moreover, STAT3 acts as a
central target manipulated by viruses for immune evasion.
For instance, hepatitis C virus (HCV) impairs type I IFN
pathway by promoting STAT3 ubiquitination, which
further substantiates the potential antiviral function of
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STAT3 (Oda et al., 2025). Although STAT3 functions as
a modulator of inflammation and tissue regeneration upon
diverse pathogenic infections, its functional role during
PRV infection remains poorly defined.

Notably, our study identified that PRV infection
significantly induced STAT3 phosphorylation.
Knockdown of STAT3 promoted PRV replication,
whereas overexpression of STAT3 or constitutively active
STAT3 inhibited it. Conversely, the dominant-negative
mutant STAT3Y’%F enhanced PRV replication both in
vitro and in vivo. Mechanistically, activated-STAT3
upregulated antiviral genes (IFITM1, IFIT2, and ISG15)
and IL-6 production. Our study demonstrates that
phosphorylation-dependent STAT3 signaling restricts
PRV replication by mediating host innate immune
responses.

MATERIALS AND METHODS

Cell lines and cell culture: Cell lines PK-15 (swine
kidney), 3D4/21 (porcine alveolar macrophage), A549
(human alveolar adenocarcinoma), 293T (human
embryonic kidney), L929 (mouse fibroblast), C57/B6-L
(murine lung fibroblast), and NIH/3T3 (mouse embryonic
fibroblast) were purchased from ATCC. All cells were
cultured in Dulbecco’s modified FEagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS) and 100U/mL penicillin-streptomycin (Beyotime
Biotechnology, China), and maintained at 37°C with 5%
CO; as previously described (Chi et al., 2024).

Viruses and viral infection: PK-15 cells were used for
propagation of PRV strain Min-A. 3D4/21, A549, 293T,
L1929, and NIH/3T3 cells were subjected to PRV infection.
Cells were incubated with the virus for lh and
subsequently cultured in DMEM for the indicated time
periods.

Plaque-forming assay: PK-15 cells were seeded one
day prior to the experiment to achieve the appropriate
density for virus inoculation. After PRV infected A549
cells for 12h, the supernatant (SNs) from the culture
medium was collected for gradient dilution and then
added to PK-15 cells for adsorption for 1h. Following
adsorption, the wells were washed with PBS, and an
equal volume of 2% methylcellulose (Promega, USA)
mixed with culture medium was added to each well. The
plate was incubated for 2-3 days at 37°C until distinct
plaques formed. After removal of the overlay, the
plaques were examined.

Cell stimulation: Recombinant human IL-6 was acquired
from PeproTech (USA), and cells were treated as
recommended by the manufacturer.

RNA preparation, RT-PCR, and quantitative real-
time PCR: TRIzol reagent (Tiangen, China) was used for
total RNA extraction following the manufacturer’s
protocol. The HiScript III 1st Strand cDNA Synthesis Kit
(Vazyme, China) was employed to generate cDNA. Taq
DNA polymerase (GenStar, China) was used for
conventional PCR, and SYBR Green Master Mix
(Vazyme, China) for qRT-PCR. Primer sequences are



2489

shown in Table 1. GAPDH was selected as the reference
gene, and relative RNA expression was determined by the
2- A A Ct method described earlier (Ma et al., 2022).

Antibodies and Western blotting: Cell lysis was
performed in radioimmunoprecipitation assay (RIPA)
buffer containing protease inhibitors. After three washes
with lysis buffer, immunoprecipitates were resolved by
SDS-PAGE and transferred to nitrocellulose membranes
for immunoblotting with designated antibodies as
previously described (Wang et al., 2016). The primary
antibodies used: anti-phospho-STAT3(Y705) (CST,
#9145, 1:2 000), anti-STAT3 (CST, #4904, 1:3 000), anti-
Flag (Sigma, #F3165, 1:1 000), anti-B-actin (Santa Cruz,
#sc-47778, 1:2 000).

Animal experiments: Wild-type (WT) BALB/c mice (5-
6 weeks, 18-21g) were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd. (Shanghai, China).
STAT3Y"%F* mice on the BALB/c background were used
as previously described (Liu et al., 2023). PRV (5X10*
plaque forming unit (PFU)) was delivered via intranasal
inoculation. Mice were sacrificed at designated time
points after infection for further assays.

Statistical analysis: Data shown are representative of
three independent experiments yielding comparable
results. Group differences were analyzed by the t-test
using GraphPad Prism 9.5.0. Statistical significance was
defined as p < 0.05.

Table I: Primer sequences used for RT-PCR and gRT-PCR

Primer name Primer sequence (5'>3)

PRV-gE (F) TTTGGATCCATGCGGCCCTTTCTG

PRV-gE (R) TTTGAATTCTTACGACACGGCGTCGCA

PRV-gD (F) CTGATCTCCGACCCGCAG

PRV-gD (R) GTACTGGCCCTCGTTGAACC

PRV-gl (F) GTCCGTAGCCTCCGCAGT

PRV-gl (R) CGCCACCCACAAAAT

IFITM2 (F) CGGCCAGCCTCCCAACTAC

IFITM2 (R) GCTGGGCCTGGACGACCAA

IFIT2 (F) AGCGAAGGTGTGCTTTGAGA

IFIT2 (R) GAGGGTCAATGGCGTTCTGA

ISGI5 (F) GACCTGACGGTGAAGATGCTG

ISGI5 (R) TGCTGCGGCCCTTGTTAT

IL-6 (F) AATGAGGAGACTTGCCTGGTG

IL-6 (R) TGAGGTGCCCATGCTACATT
RESULTS

Phosphorylation of STAT3 at Y705 can be induced
during PRYV infection: Our previous work demonstrated
that PRV induces early STAT3 phosphorylation in PK-15
cells (Liu et al., 2023). In agreement with this finding, we
observed PRV-triggered Y705-phosphorylated STAT3
(pSTAT?3) in porcine alveolar macrophage 3D4/21 cells
(Fig. 1A). Recent studies have indicated that PRV can
cross species barriers to infect humans (Mohiuddin ef al.,
2023). To further clarify the role of STAT3 during PRV
infection, we infected human 293T cells with PRV. As
presented in Fig. 1B, marked elevation of pSTAT3 was
detected as early as 2h post-infection (pi). Similarly,
STAT3 phosphorylation was first observed at 4hpi in
A549 cells (Fig. 1C and 1D).

To wverify whether PRV-triggered STAT3
phosphorylation is a general phenomenon, we performed
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additional experiments in the mouse fibroblast NIH/3T3
cell line. PRV infection elicited a time-dependent
increase in STAT3 phosphorylation in NIH/3T3 cells
(Fig. 1E and 1F). Consistently, PRV also induced
pSTAT3 in murine lung fibroblast C57/B6-L cells (Fig.
1G). To extend these in vitro findings to an in vivo
setting, BALB/c mice were intranasally inoculated with
PRV. pSTAT3 was detected in lung tissues at 8hpi, peak
at 12-36hpi, and gradually declined during late-stage
infection (Fig. 1H).

Collectively, these findings confirm that PRV
infection is capable of inducing STAT3 phosphorylation
in both cellular in vitro models and animal in vivo models.

STAT3 could effectively inhibit the replication of
PRV: To investigate the function of STAT3 during PRV
infection, we generated a STAT3-knockdown A549 cell
line. As shown in Fig. 2A and 2B, this cell line exhibited
efficient gene silencing. This knockdown cell line was
therefore utilized for subsequent PRV-infection
experiments. Our results revealed that mRNA levels of
PRV-gE, which encodes a key structural protein
responsible for PRV replication and virulence, were
markedly elevated in STAT3-knockdown A549 cells
compared with control cells (Fig. 2C). Further quantitative
verification confirmed these results, showing that the
mRNA levels of PRV-gE and PRV-gD in the silencing
group were higher than in the control group (PRV-gE,
Fold-changes=3.54; PRV-gD, Fold-changes—=1.28; Fig.
2D and 2E). Consistently, the plaque assay demonstrated
that STAT3 depletion markedly increased viral titers in
A549 cells relative to control cells (Fold-changes=1.57,
Fig. 2F). These results demonstrate that STAT3 can
significantly inhibit the replication of PRV in A549 cells.

To further probe the role of STAT3, we generated a
stable STAT3-overexpressing A549 cell line (Fig. 2G and
2H). The data revealed that STAT3 overexpression
significantly decreased the mRNA levels of PRV-gE and
PRV-gD in PRV-infected cells (Fig. 21). Subsequent qRT-
PCR  analysis  further validated that STAT3
overexpression markedly suppressed PRV-gE (Fold-
changes=0.33) and PRV-gD (Fold-changes=0.44) mRNA
expression (Fig. 2J and 2K). Additionally, viral titers were
significantly lower in STAT3-overexpressing A549 cells
than those in empty vector (EV)-control cells (Fold-
changes=0.72, Fig. 2L). Collectively, these findings
illustrate that STAT3 exerts robust inhibitory activity
against PRV replication in A549 cells.

Constitutively active STAT3 markedly suppresses
PRV replication: To further characterize STAT3-
mediated anti-PRV activity, we transfected A549 cells
with a constitutively active STAT3 mutant plasmid
(STAT3P%!V) (Fig. 3A), as previously characterized (Gu
et al., 2025). In line with our above observations, mRNA
levels of PRV-gE and PRV-gD were significantly reduced
in STAT3P%!V_gverexpressing AS549 cells relative to
control cells (Fig. 3B). gqRT-PCR further validated these
findings, revealing highly consistent changes (PRV-gE,
Fold-changes=0.69; PRV-gD, Fold-changes=0.62; Fig. 3C
and 3D). In addition, STAT3-constitutively active cells
exhibited significantly lower viral titers compared with
control cells (Fold-changes=0.59, Fig. 3E).
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Fig.1: Phosphorylation of STAT3 at Y705 can be induced during PRV infection. (A) After infecting 3D4/21 cells with PRV (MOI=0.5) at indicated time
points, the expression of PRV-gE was detected by RT-PCR. Phosphorylated STAT3 (pSTAT3-Y705) was detected via immunoblotting. Band intensities
were quantified by densitometry and normalized to total STAT3 and B-actin levels. (B-D) 293T (B) or A549 (C, D) cells were infected with PRV
(MOI=0.5) at indicated time points. pPSTAT3 was detected by immunoblots (B and C) and quantitated by densitometry as described in Fig.1A (B and
D). Data are represented as means+SD from three independent experiments (D). **p < 0.01. ns, no significant. (E-G) Immunoblots were utilized to
detect pSTAT3 in PRV-infected NIH/3T3 (E and F) and C57/B6-L (G) at the indicated time points. Additionally, pSTAT3 levels were densitometry as
described in Fig.IC (F, G). Data are represented as means*SD from three independent experiments (F). (H) Wild-type (WT) BALB/c mice (5-6
weeks, n = 5-7) were intranasally inoculated with PRV at a dose of 5%x10* PFU for indicated time points. pSTAT3 in the lungs was detected via
immunoblotting and quantified by densitometry as described in Fig.| A.

PRV-gE

RT-PCCR
RT-PCCR



A A549 cell
sh-luc 4+ = + -
sh-STAT3 - & s +
PRV(hpi) - - + +

pSTAT3(Y705) [

STAT3 |"~- _— ~|

B_acﬁn D GEmy e eE==
D Fold-changes=3.54
5- *%
3
e 4
=
SICIER
F
2
Z%B
5 M
D
=4 0-
N S
&\' >
B '%&
&
G A549 cell
EV + - + -
Flag-STAT3Y" . + . +
PRV(hpi) - - + +
pSTAT3(Y705)| - b|

STAT3 | — R

B-actin l — G g = I

J (i Fold-changes=0.33
= * %
z
~ 1.0
> %
F
.E E_; 0. 54
=
&
0.0 T
&
Q &
%&Y'
S

2491

Pak Vet J, 2026, 46(10): 2487-2498.

B 3 sh-luc C A549 cell
5+ [ sh-STAT3 sh-luc + o + -
=
E & T ' shSTATS -+ -+
m .
> PRV(hpi) - - + +
—
£ I
Y
o ”
e ———
PRV- PRV+
E | =
Bald cha’:lges 128 Fold-changes=1.57
3 * %
o 157 Z 2004 1
% E ==
<2 101 TR
Z 2
&z < 100-
E E 0.5 5
- = 504
3 -
S 0.0- =
= » R
& ég? F kY
3 S
F &
H O EV ] S I A549 cell
i 3 Flag-STAT3 EV +—_ T _
3
% osd 1 FlagSTAT3™™ - + - +
[ag]
2 0.6 PRV(hpi) - - + +
=
2 041 PRV-gE
>
K=
5 02 PRV-gD
% b = 'l'.
GAPDH
PRV- PRV+
K Fold-changes=0.44 L Fold-changes=0.72
51 * %
E i é 150 ' |
L = -
<o 1.0 =
z 3 = 100 '
&% > <R 1
E & o
@ 0.5+ =
23 £ 504
Z 2
& =
0.0 T P s 0 - .
Q N &
9 ,{‘: @4 &,;
K
g
2 <
N %
< Q\‘b

Fig.2: STAT3 could effectively inhibit the replication of PRV. (A-F) A549 cells stably expressing STAT3-specific shRNA were infected with or without
PRV at an MOI of 0.5 for 12h. pSTAT3 was determined by immunoblotting and quantified via densitometry as described in Fig.ID (B). RT-PCR (C)
and qRT-PCR (D and E) were performed to measure the mRNA abundance of PRV-gE and PRV-gD. Viral titers in cell supernatants (SNs) were
measured using a plaque assay (F). (G-L) A549 cells transfected with Flag-tagged STAT3WT, STAT3Y%F, and EV were infected with PRV at the MOI of
0.5 for 12h. pSTAT3 was determined by immunoblotting (G) and quantified via densitometry as described in Fig.ID (H). The mRNA levels of PRV-gE
and PRV-gD were analyzed by RT-PCR (I) and qRT-PCR (] and K), respectively. Viral titers from the cell SNs were determined by plaque assay (L).
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Fig.3: Constitutively active STAT3 markedly suppresses PRV replication. (A-E) A549 cells were transfected with plasmids overexpressing STAT3P¢!V
(Flag-STAT3P%'), or empty vector (EV), followed by PRV (MOI=0.5) infected for 12h. pSTAT3 levels were analyzed by immunoblots and quantitated
by densitometry as described in Fig.ID (A). The mRNA expression of PRV-gE and PRV-gD were performed to assess the mRNA expression of RT-
PCR (B) or qRT-PCR (C and D). Viral titers from the cell SNs were determined by plaque assay (E).

Collectively, these results demonstrate that
constitutively active STAT3 efficiently suppresses the
production of infectious PRV progeny virions in A549
cells, suggesting that STAT3 functions as a negative
regulator of PRV replication.

Disruption of STAT3 Y705 effectively facilitates the
replication of PRV: To investigate the regulatory function
of STAT3 Y705 site during PRV infection, we generated a
stable A549 cell line overexpressing Y705-mutated STAT3
(STAT3Y7%F), Both the IL-6-stimulation and PRV-infection
assays confirmed the successful construction of this point-
mutant cell line (Fig. 4A-4C). The established STAT3Y70F-
overexpressing cell line was subsequently subjected to PRV
infection. Our data showed that disruption of STAT3 Y705
significantly elevated the mRNA levels of PRV gE and gD
relative to EV control cells (Fig. 4D). Further qRT-PCR
indicated that impaired STAT3 Y705 phosphorylation
markedly enhanced the transcription of these two viral

genes (PRV-gE, Fold-changes=1.57, PRV-gD, Fold-
changes=8.23; Fig. 4E and 4F). Furthermore, viral titers in
cell ~culture SNs harvested from  STAT3Y'%F-
overexpressing A549 cells was significantly higher than
those from control cells, further confirming the pro-
replicative effect of the STAT3-Y705F mutant on PRV
replication (Fold-changes=1.43, Fig. 4G).

In summary, these findings demonstrate that
disruption of STAT3 Y705 phosphorylation effectively
facilitates PRV replication.

STAT3Y"%F* mice exhibit increased susceptibility to
PRV challenge: To further elucidate the physiological
function of STAT3 in response, we STAT3Y%"* mice
were utilized as previously described (Liu e al., 2023).
Both total STAT3 protein and pSTAT3 levels were
markedly reduced in the lung and brain tissues of
STAT3Y"%¥* mice compared with WT littermates (Fig.
5A and 5B). Survival analysis revealed that STAT3Y705F/+
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mice were more susceptible to PRV infection. All mutant
mice succumbed to death within 72hpi, whereas 40% of
WT mice remained alive at this time point, with full
mortality in WT mice not occurring until 96hpi (Fig. 5C).
Consistent with the in vitro findings, the mRNA levels of
PRV-gE significantly increased in the lungs (Fold-

Pak Vet J, 2026, 46(10): 2487-2498.

changes=2.02, Fig. 5D and 5E) and brains (Fold-
changes=2.12, Fig. 5D and 5F) from STAT3Y’%F* mice
relative to WT controls, indicating enhanced PRV
replication in mutant mice. Taken together, these in vivo
findings demonstrate that STAT3Y%'* mice exhibit
increased susceptibility to PRV challenge.
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Fig.4: Disruption of STAT3 Y705 effectively facilitates the replication of PRV. (A) A549 cells were transfected with plasmids encoding STAT3"T (Flag-
STAT3WT), STAT37%F (Flag-STAT3Y7%F), or EV, followed by IL-6 stimulation for 2h. pSTAT3 levels were analyzed by immunoblots and quantitated by
densitometry as described in Fig.|C. (B-G) A549 cells transfected with Flag-tagged STAT3"T, STAT3"7%F and EV were infected with PRV at the MOI
of 0.5 for 12h. pSTAT3 levels were analyzed by immunoblots (B) and quantitated by densitometry as described in Fig.ID (C). To quantify the mRNA
expression of PRV-gE and PRV-gD, RT-PCR (D) and qRT-PCR (E and F) were performed. To examine the viral titers in cell SNs, plaque assay was

used (G).
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Fig.5: STAT3Y%F* mice exhibit increased susceptibility to PRV challenge. (A and B) WT and STAT3Y%"* mice (n= 5-6 per genotype for each group)
were intranasally inoculated with PRV at a dose of 5x10* PFU for 48h. pSTAT3 levels in lungs (A) and brains (B) from PRV-infected WT and
STAT3Y7%F* mice were analyzed by immunoblots (A and B) and quantitated by densitometry as described in Fig.ID (A and B). (C) The survival rates
of WT and STAT3Y%F* mice (n= 7 per genotype for each group) were monitored after intranasal inoculation with PRV. The log-rank (Mantel-Cox)
test was applied to analyze group differences. (D-F) RT-PCR (D) or qRT-PCR (E and F) was utilized to analyze the mRNA levels of the viral genes
PRV-gE and PRV-gD in lung (D, E) and brain (D, F) tissues from PRV-infected WT and STAT3""%*"* mice (n=5 per genotype for each group).

Phosphorylation of STAT3 enhances the expression of
some critical ISGs in response to PRV infection: To
further elucidate the function of STAT3 activation in host
antiviral responses, we investigated the regulatory effect of
STAT3 on the expression of critical ISGs (IFITM1, IFIT2,
and ISG15). Our results showed that upon PRV infection,
the mRNA expression levels of these ISGs were markedly
downregulated in STAT3-knockdown 293T cells relative to
control cells (Fig. 6A), and the consistent tendency was
further validated in A549 cells (Fig. 6B). Conversely,
STAT3 overexpression significantly increased the mRNA
levels of IFITM1, IFIT2, and ISG15 in PRV-infected A549

cells (Fig. 6C). To further corroborate these results, we
tested the expression of these ISGs in STAT3DP®IV.
overexpression 293T cells following PRV challenge.
Notably, constitutively active STAT3 strongly enhanced
the mRNA abundance of the three ISGs after PRV infection
(Fig. 6D) , and identical results were observed in A549
cells (Fig. 6E). Furthermore, disruption of STAT3 Y705
observably attenuated the transcriptional levels of IFITM1,
IFIT2, and ISG15 in PRV-infected A549 cells (Fig. 6F).
Together, these data elucidate that STAT3 Y705
phosphorylation facilitates the expression of critical ISGs to
initiate antiviral responses against PRV infection.
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STAT3 increases the expression of IL-6 in the cells
infected with PRV: Excessive inflammatory responses
triggered by viral infection, including the overproduction
of IL-6, are critically involved in viral pathogenesis
(Rose-John et al., 2023). Given our previous finding that
STAT3 suppresses PRV replication, we further
investigated whether STAT3 modulates the expression
of key inflammatory cytokines, with a particular focus
on IL-6. In STAT3-knockdown A549 cells, both RT-
PCR (Fig. 7A) and qRT-PCR (Fig. 7B) results
demonstrated that STAT3 depletion markedly reduced
IL-6 mRNA levels in PRV-infected A549 cells (Fold-
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changes=0.32, Fig. 7B) relative to control cells.
Conversely, STAT3 overexpression significantly

upregulated IL-6 expression in PRV-challenged A549
cells (Fold-changes=4.17, Fig. 7C and 7D). Consistently,
constitutively active STAT3 strongly elevated IL-6
mRNA abundance upon PRV infection (Fold-
changes=2.92, Fig. 7E and 7F). Notably, mutation of the
STAT3 Y705 site prominently diminished IL-6 mRNA
expression in PRV-infected A549 cells (Fold-
changes=0.05, Fig. 7G and 7H). Taken together, these
observations indicate that STAT3 robustly increases IL-
6 expression in the cells infected with PRV.

C A549 cell
EV + - + =
Flag-STAT3WT - F - i+
PRV (hpi) - = * &
wrrv [ ——
D 293T cell
EV + - + -

1
+
1

Flag-STAT3P¢61V

PRV(hpi) - s A
e — —
>
=
R e e w— |
Flag-STAT3 :
S -
STAT3/B-actin 0 067 O : =
BraClin e e ——
F A549 cell
EV + ~ o -
Flag-STAT3YSF - + -
PRV(hpi) - -+
o .

Fig.6: Phosphorylation of STAT3 enhances the expression of some critical ISGs in response to PRV infection. (A and B) RT-PCR was carried out to
assess transcript abundances of ISGs (IFITMI, IFIT2, and ISGI5) in STAT3-knockdown 293T cells (A) or A549 cells (B) with PRV infection at an MOI
of 0.5. (C) RT-PCR measurements were conducted to quantify ISG transcript levels in PRV-challenged A549 cells with STAT3 overexpression. (D and
E) Expression of IFITMI, IFIT2 and ISGI5 transcripts was examined via RT-PCR in PRV-infected 293T cells (D) or A549 cells (E) overexpressing Falg-
STAT3P4!V STATS3 levels were analyzed by immunoblots and quantitated by densitometry as described in Fig.|A (E). (F) The mRNA levels of IFITMI,
IFIT2, and ISG 15 in STAT3Y%F.overexpressing A549 cells with PRV infection were analyzed by RT-PCR.
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Fig.7: STAT3 increases the expression of IL-6 in the cells infected with PRV. (A and B) RT-PCR (A) or qRT-PCR (B) was carried out to assess
transcript abundances of IL-6 in STAT3-knockdown A549 cells with PRV infection (MOI=0.5). (C and D) The mRNA levels of IL-6 were determined
by RT-PCR (C) or qRT-PCR (D) in PRV-challenged A549 cells overexpressing STAT3'. (E and F) RT-PCR (E) or qRT-PCR (F) was employed to
detect the mRNA levels of IL-6 in PRV-infected A549 cells with ectopic STAT3P!V expression. (G and H) RT-PCR (G) and qRT-PCR (H) utilized to
assess IL-6 transcript levels in STAT3Y%F.overexpressing A549 cells with PRV infection.

DISCUSSION al., 2017). To establish persistent infection, PRV has

evolved diverse mechanisms to circumvent host innate

PRV causes severe disease and imposes substantial ~ immune responses. For example, the viral UL13 kinase
economic losses on the global swine industry (Freuling et facilitates STING ubiquitination and subsequent IRF3
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phosphorylation, ultimately suppressing IFN signaling (Bo
et al., 2020). In addition, the viral gE protein triggers CBP
degradation, which impedes IFN production (Lu et al.,
2021). STATS3 is a pivotal transcription factor regulating
cell growth and differentiation, and its role during viral
infection has drawn wide attention. a-herpesviruses like
VZV activate STAT3 phosphorylation to upregulate
survivin and facilitate viral replication (Buckingham et al.,
2018). y-herpesviruses have more complex interactions
with STAT3: viral IFN regulatory factor 1 (VIRF-1)
blocks STAT3 phosphorylation via binding TYK2 (Yang
et al., 2023), while EBV activates STAT3 via LMP1 to
drive viral gene expression (Liao ef al., 2024; Xu et al.,
2025). To date, the interaction between STAT3 and PRV
remains unreported.

This study demonstrated that PRV infection regulates
STAT3 phosphorylation. Our data revealed that PRV
infection significantly triggered STAT3 phosphorylation
in a time-dependent manner in both A549 and 293T cells.
Concordantly, similar increases in phosphorylated STAT3
were observed in murine NIH/3T3 cells and L929 cells.
Consistent with these in vitro findings, PRV infection also
induced STAT3 phosphorylation in BALB/c mice in vivo.
We next investigated the functional role of STAT3 during
PRV replication. Knockdown of STAT3 enhanced PRV
replication, whereas STAT3 overexpression markedly
suppressed viral proliferation. Moreover, constitutively
active STAT3 significantly impeded PRV propagation,
while overexpression of a dominant-negative STAT3
mutant accelerated PRV replication. To validate these
findings in vivo, STAT3Y%"* mice were employed.
Compared with WT mice, STAT3Y"%F* mice displayed
increased susceptibility to PRV infection, suggesting that
impaired Y705 phosphorylation of STAT3 promotes PRV
replication and aggravates viral pathogenesis in vivo.
Collectively, these results firmly established that
activated-STAT3 functions as an antiviral factor to
constrain PRV replication.

We further investigated the role of PRV-triggered
STAT3 phosphorylation in antiviral innate immunity. We
assessed the transcriptional levels of several pivotal
antiviral genes, including IFITM1, IFIT2, and ISG15. Our
findings revealed that STAT3 silencing remarkably
suppressed the expression of these antiviral genes,
whereas STAT3 overexpression potentiated their
transcription. Similarly, constitutively active STAT3
strongly facilitated the induction of these antiviral genes.
In contrast, the STAT3-Y705F point mutation greatly
blunted their upregulation following PRV infection. These
data suggest that STAT3 positively regulates ISGs
transcription, though the precise underlying mechanism
remains to be further elucidated. Future studies including
promoter-binding/ chromatin immunoprecipitation (ChIP)
or reporter assays will be implemented to clarify whether
STAT3 directly modulates these ISGs. IL-6 is a
multifunctional cytokine that serves a pivotal role in host
defense, inflammatory responses, and immune regulation
(Jones et al., 2018). To clarify whether STAT3 regulates
IL-6 expression, we conducted functional assays using
cell lines with STAT3 knockdown, overexpression,
constitutive activation, or Y705F mutation. We observed
that STAT3 phosphorylation triggered upon PRV
infection significantly promoted IL-6 expression.

Pak Vet J, 2026, 46(10): 2487-2498.

In conclusion, this study systematically delineates the
dynamic changes and antiviral function of the STAT3
signaling pathway during PRV infection. We validate that
PRV infection induces elevates STAT3 phosphorylation,
and that activated-STAT3 restricts PRV replication by
positively regulating ISGs such as IFITM1, IFIT2, and
ISG1S. These findings not only advance our knowledge of
virus-host regulatory networks, but also offer mechanistic
insights into PRV pathogenesis.
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