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A B S T R A C T

The lifecycle of avian leukosis virus subgroup J (ALV-J), a typical tumorigenic retrovirus, is highly dependent
upon host cellular proteins. However, there have been few studies directed at uncovering the host proteins
responsible for ALV-J replication, which could provide insights into new strategies for ALV-J prevention and
control. Here, we used proteomics to identify the association of differential levels of collagen triple helix-repeat-
containing 1 (CTHRC1) and with viral replication. Our results revealed that CTHRC1 was significantly upre-
gulated in ALV-J-infected cells in vitro, and these findings were confirmed in vivo. Additionally, CTHRC1 over-
expression facilitated ALV-J replication, whereas CTHRC1 knockdown suppressed this activity. Moreover, we
found that ALV-J drove CTHRC1 translocation from the nucleus to the cytosol through interactions with the
ALV-J envelope glycoprotein. These results revealed CTHRC1 as a shutting protein is recruited by ALV-J to
facilitate viral replication.

1. Introduction

Avian leukosis viruses (ALVs) are classified into 10 subgroups (A–J)
that cause great economic losses in the poultry industry worldwide
(Feng et al., 2016). In particular, more attention has been paid to the J
subgroup of ALV (ALV-J) since isolation of the first strain (HPRS-103)
from meat-type chickens in the United Kingdom in 1988. Subsequently,
the virus was detected in China in 1999, with the strain eventually
identified as having a wider neoplastic spectrum (Payne et al., 1991;
Payne and Nair, 2012). ALV-J infection is closely related to the onset of
visceral and vascular neoplasms with associated adverse consequences,
including stunted growth, decreased egg production, and increased
mortality (Li et al., 2017; Lin et al., 2016; Peng et al., 2015; Wang et al.,
2018). ALV-J is considered to have emerged through a recombination
event between an unknown exogenous ALV and an endogenous retro-
virus (Payne et al., 1991; Smith et al., 1999) and was initially found to

mainly infect meat chickens; however, subsequent studies found that
ALV-J could also infect layer hens and local breeds (Cheng et al., 2005;
Sun and Cui, 2007).

Similar to other retroviruses, ALV-J requires reverse-transcriptase-
mediated transformation of the viral genome from RNA to proviral DNA
and its integration into the host genome during replication.
Subsequently, viral RNA is generated by the transcription of proviral
DNA and further translated to produce various precursor and mature
proteins that constitute virions (Lesbats and Parissi, 2018). ALV-J re-
plication is complex and tightly regulated; however, the cellular pro-
teins required for ALV-J replication remain unclear.

Collagen triple helix-repeat-containing 1 (CTHRC1) is a ˜25-kDa
secreted extracellular-matrix glycoprotein harboring a C-terminal
globular domain, a short collagen triple-helix repeat of 36 amino acids,
and an N-terminal signaling peptide for extracellular secretion (Ma
et al., 2014; Wang and Fang, 2010). CTHRC1 was initially found in
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neointimal smooth muscle cells and adventitial fibroblasts of balloon-
injured vessels (Chen et al., 2013; Pyagay et al., 2005). Previous studies
showed that CTHRC1 levels are elevated in human solid cancers
(Kharaishvili et al., 2011; Tang et al., 2006), such as lung (Ke et al.,
2014), breast (Allinen et al., 2004), liver (Chen et al., 2013), ovarian
(Hou et al., 2015), and pancreatic (Park et al., 2013) cancer. Ad-
ditionally, CTHRC1 can facilitate the migration and invasion of tumor
cells by activating the Wnt/planar cell-polarity pathway (Ip et al., 2011;
Liu et al., 2013; Tano et al., 2010; Wu et al., 2017). Moreover, previous
studies identified CTHRC1 to function in the restraint of collagen
synthesis (Bian et al., 2015; Shekhani et al., 2016; Wang et al., 2012),
which enhances host-cell permeabilization (Jin et al., 2016; Martinez-
Gil et al., 2011). Despite having multiple cellular functions, a role for
CTHRC1 in retroviral replication has not yet been reported.

In this study, we used a tandem mass-tag (TMT) approach to screen
for key differentially expressed cellular proteins associated with ALV-J
replication. Based on bioinformatics analysis and experimental data,
our results indicated a likely role for CTHRC1 in ALV-J replication
according to elevated CTHRC1 levels in vivo and in vitro upon infection.
Importantly, ALV-J-mediated upregulation of CTHRC1 facilitated viral
replication through interactions between the ALV-J envelope glyco-
protein (SU) and CTHRC1 and CTHRC1 translocation from the nucleus
to the cytosol. These results suggest that CTHRC1 acts as a shuttling
protein in host cells and through its recruitment into the cytoplasm by
ALV-J, promotes viral replication.

2. Materials and methods

2.1. Cells, virus, and animals

DF-1 is a continuous chicken embryonic fibroblast cell line that
exhibits normal fibroblastic morphology and is free of endogenous se-
quences related to leukosis viruses and avian sarcoma. Importantly, DF-
1 cells are capable of sustaining ALV-J replication (Himly et al., 1998).
DF-1 cells were obtained from ProCell (ProCell, Beijing, China) and
cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented
with 10% fetal calf serum (Biological Industries, Beit HaEmek, Israel),
100 IUmL−1 penicillin, and 100 μgmL−1 streptomycin sulfate (So-
larbio, Beijing, China). Cells were maintained at 37 °C in a 5% CO2

incubator and infected with 100 μL DMEM containing a 104 50% tissue-
culture infective dose of ALV-J strain NX0101. Additionally, embryos of
specific pathogen-free (SPF) chickens were infected with ALV-J at six
embryonic ages and maintained under SPF conditions, after which
chickens were then killed at 15-, 22-, and 35-days post-infection. An-
imal experiments were performed in accordance with the guidelines of
the Shandong Agricultural University Animal Care and Use Committee
(permit No. SDAU 18-096; July 6, 2018).

2.2. Proteomics analysis

Uninfected DF-1 cells (n=3) and infected with ALV-J DF-1 cells
(n=3) were used to extract proteins for analysis. Cells were incubated
with a lysis buffer and sonicated on ice (Scientz-IID; Ningbo Scientz
Biotechnology Co., Ltd., Ningbo, China), followed by the removal of cell
debris by centrifugation. Protein concentrations were measured in the
cell supernatant using a bicinchoninic acid assay kit (Qiagen, Hilden,
Germany) according to manufacturer instructions. For digestion, the
protein solutions were incubated with 5mM dithiothreitol, alkylated
with 10mM iodoacetamide and diluted by adding 11mM triethylamine
borane (TEAB; Thermo Fisher Scientific, Waltham, MA, USA) con-
centration to obtain a urea concentration of< 3M. Trypsin was added
at a 1:100 mass ratio (trypsin:protein) to produce peptides, which were
desalted using a Strata X C18 SPE column (Phenomenex, Torrance, CA,
USA), followed by vacuum drying. Desalted peptides were combined in
0.5 M TEAB and processed using a TMT kit (Thermo Fisher Scientific)
according to manufacturer instructions. The tryptic peptides were

fractionated using high-pH reversed-phase high-performance liquid
chromatography on an Agilent 300Extend C18 column (5-μm particles,
4.6-mm i.d., 250mm length; Agilent Technologies, Santa Clara, CA,
USA) with 0.1% formic acid. The peptide fraction was directly loaded
onto an in-house reversed-phase analytical column (15 cm×75 μm
i.d.), and a constant flow was achieved using an EASY-nLC 1000 ultra-
performance liquid chromatography (UPLC) system (Thermo Fisher
Scientific). The peptides were then subjected to a nanospray ionization
source, followed by tandem mass spectrometry (MS/MS) using a Q
Exactive Plus mass spectrometer (Thermo Fisher Scientific) coupled
online with the UPLC system. The resulting MS/MS data were processed
using the MaxQuant search engine (v.1.5.2.8; https://maxquant.org/)
and compared with those available in the Uniprot Gallus gallus database
(https://www.uniprot.org/proteomes/UP000000539) concatenated
with a reverse decoy database. To identify differentially expressed
proteins, Bonferroni p-value adjustments (p<10−16) and paired t-tests
were performed. Only proteins with a corrected p < 0.05 and a fold
change>1.3 were considered differentially expressed. Hierarchical
clustering analysis was conducted to produce a visual representation of
the expression profiles using TBtools software (https://omictools.com/
tbtools-tool). Gene Ontology (GO) annotation was performed to de-
termine the categories of differentially expressed proteins. DAVID
software (v.6.8; https://david.ncifcrf.gov/) was employed to determine
enriched protein categories, and a two-tailed Fisher’s exact test was
applied to test the enrichment. Only GO categories with a Fisher’s exact
test p < 0.05 were deemed significantly enriched.

2.3. Reverse transcription and quantitative real-time polymerase chain
reaction (qPCR)

Total RNA was extracted from cells and tissues according to man-
ufacturer instructions (Qiagen), and RNA concentration was measured
using a spectrophotometer (Qiagen). We used 1 μg of total RNA as a
template to synthesize cDNA using a reverse transcriptase kit (TaKaRa,
Shiga Japan) according to manufacturer instructions. A SYBR Green I
kit (TaKaRa) was used for cDNA amplification in a total volume of
20 μL. CTHRC1-specific primers were as follows: forward, 5′-ACGCTG
GCTTGGTGGA-3′ and reverse, 5′-CAGTTCTTCAATGATGATACGG-3′.
ALV-J-specific primers were as follows: forward, 5′-TGCGTGCGTGGT
TATTATTTC-3′ and reverse, 5′-AATGGTGAGGTCGCTGACTGT-3′.
Primers for glyceraldehyde 3-phosphate dehydrogenase (GAPDH), a
housekeeping gene, were as follows: forward, 5′-GAACATCATCCCAG
CGTCCA-3′ and reverse, 5′-CGGCAGGTCAGGTCAACAAC-3′. A
LightCycler 96 system (Roche, Basel, Switzerland) was used for qPCR
with the following cycling conditions: denaturation at 95 °C for 30 s,
followed by 40 cycles at 95 °C for 5 s and 60 °C for 34 s A melting curve
was generated at 95 °C for 10 s, 65 °C for 60 s, and 97 °C for 1 s. CTHRC1
levels were analyzed using the 2−ΔΔCt method, and ALV-J load was
measured according to an absolute quantification equation:
y=−3.2526x + 39.148.

2.4. CTHRC1 overexpression and RNA interference (RNAi)

A CTHRC1-expression plasmid (pcDNA3.1-CTHRC1) was con-
structed based on the pcDNA3.1 vector (GenePharma, Shangjai, China).
The pGPU6/GFP/Neo plasmid (GenePharma) was used for CTHRC1
RNAi, and RNA duplexes and control short-hairpin RNA (shRNA; shNC)
were synthesized by GenePharma. Target shRNA sequences for CTHRC1
were as follows: 5′-GCACTGAACTACGGCATAGAC-3′ (1) and 5′-GTCT
GTGTGAAGGGATCAACG-3′ (2). At 70% confluence, DF-1 cells were
transfected with pcDNA3.1-CTHRC1, shCTHRC1-1, shCTHRC1-2, and
shNC (160 nM) using X-tremeGENE HP DNA transfection reagent
(Roche) according to manufacturer instructions. After incubation for
8 h and infection with ALV-J for 72 h, the cells were extracted or lysed
to detect CTHRC1 expression and determine the ALV-J load by qPCR
and western blot, respectively. Cell supernatant was collected for
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enzyme-linked immunosorbent assay (ELISA) experiments.

2.5. Western blot

To evaluate CTHRC1 levels, uninfected and ALV-J-infected DF-1
cells were lysed at 4 °C using radioimmunoprecipitation assay (RIPA)
buffer containing phenylmethylsulfonyl fluoride (PMSF; 100:1).
Proteins were separated by 15% sodium dodecyl sulfate polyacrylamide
gel electrophoresis and transferred onto 0.22-μm polyvinylidene di-
fluoride membranes, which were blocked in 5% Difco skim milk
(Solarbio) at 37 °C for 2 h, followed by incubation with primary anti-
bodies diluted with Tris-buffered saline containing Tween-20 at 4 °C
overnight. The primary antibodies included rabbit polyclonal anti-
CTHRC1 (Absin, Beijing, China) and anti-β-actin (Thermo Fisher
Scientific) and an in-house mouse monoclonal anti-ALV-J gp85 anti-
body (1D4). Following overnight incubation, species-specific secondary
(Abbkin, Beijing, China) antibodies were applied at 37 °C for 1 h, and
the membranes were exposed to an X-ray film.

2.6. Immunohistochemistry

To determine CTHRC1 localization in tissues and cells, im-
munohistochemical staining was performed on formalin-fixed, paraffin-
embedded, and sectioned (4-μm thick) sections using a rotary micro-
tome (Leica, Wetzlar, Germany). Slides were treated with a sodium
citrate solution (pH 6.0) by microwaving four times for 5min each to
retrieve antigens. The slides were cooled at room temperature and
blocked using H2O2 for 1 h at 37 °C, followed by incubation with the
anti-CTHRC1 antibody (1:400) overnight at 4 °C and washing three
times with phosphate-buffered saline (PBS). The slides were then in-
cubated with biotinylated goat anti-rabbit IgG for 45min at 37 °C and
washed with PBS three times. An enhanced horseradish peroxidase-
3,3′-diaminobenzidine chromogenic substrate (Qiagen) was applied to
the slides for 35 s to visualize the staining reaction, followed by
washing with PBS. The slides were counterstained with Mayer’s he-
matoxylin for 6min, dehydrated in a graded series of alcohol, and
sealed with coverslips. Images were visualized and captured under a
light microscope (Olympus BX53).

2.7. Confocal laser scanning microscopy (CLSM) assay

DF-1 cells were seeded on sterile coverslips, infected with ALV-J at
70% confluence, and maintained for 72 h with DMEM containing 1%
bovine serum albumin at 37 °C in a 5% CO2 incubator. The cells were
fixed with an ice-cold mixture of acetone and ethanol (3:2) for 9min,
washed three times with PBS, and blocked with PBS containing 10%
neonatal calf serum for 1 h at room temperature. The cells were then
incubated with the anti-CTHRC1 and anti-ALV-J primary antibodies for
12 h at 4 °C, followed by incubation with fluorescein isothiocyanate
(FITC)-labeled goat anti-rabbit (for CTHRC1) or Alexa Fluor 647-la-
beled goat anti-rabbit (for ALV-J) secondary antibodies for 50min.
After staining cell nuclei with 4′,6-diamidino-2-phenylindole (DAPI),
the slides were covered with 50% glycerol and observed by CLSM (Leica
SP8).

2.8. Co-immunoprecipitation assay (Co-IP)

DF-1 cells were seeded in a 25-cm2 tissue-culture flask, grown to
70% confluence, infected with ALV-J, harvested at 72-h post-infection,
and lysed on ice for 15min in RIPA buffer containing PMSF (100:1).
The lysates were clarified by centrifugation at 17,000g for 10min at
4 °C and then incubated with the ALV-J gp85 monoclonal antibody
(1D4) for up to 20min at room temperature. A Co-IP assay was per-
formed using the Capturem IP & Co-IP kit (TaKaRa) according to
manufacturer instructions. Western blot was performed to analyze the
samples. To detect immunoprecipitated CTHRC1 and ALV-J SU, the

VeriBlot secondary antibody (Abcam, Cambridge, UK) was used.

2.9. ELISA

ELISA kits were used to measure CTHRC1 (Sanbeiji, Nanjing, China)
and p27 (IDEXX Laboratories, Westbrook, ME, USA) levels in cell su-
pernatant according to manufacturer instructions. Each experiment
included three biological replicates.

2.10. Statistical analysis

All data are reported as the mean ± standard error of the mean
(SEM). Prism 7.0 software (GraphPad Software, San Diego, CA, USA)
was used to determine statistically significant differences by performing
a two-tailed unpaired Student's t-test. A p < 0.05 was considered
statistically significant.

3. Results

3.1. CTHRC1 levels are significantly upregulated in ALV-J-infected cells

ALV-J replication depends strongly upon the host cell cycle (Scholle
et al., 2004) and the virus supports its lifecycle by interfering with host
cell processes and exploiting host proteins. To identify the cellular
proteins required for ALV-J replication, we performed a TMT-based
proteomics analysis and used hierarchical clustering to visualize
changes in the abundance of differentially expressed proteins between
groups (Fig. 1A). We identified 88 differentially expressed proteins
(fold change> 1.3), of which 40 (45%) were upregulated and 48 (55%)
were downregulated in ALV-J-infected cells relative to their expression
in uninfected cells. As shown in Fig. 1B, the −log (P) value of each
protein was plotted against the log2 ratio of the intensity observed in
ALV-J-infected cells and relative to controls, revealing similar patterns
of regulation, although a higher number of downregulated proteins
according to p-values. GO functional analysis indicated that the dif-
ferentially expressed proteins were predominantly associated with the
extracellular space (Cell Component), protein-glutamine gamma-glu-
tamyltransferase activity (Molecular Function), and peptide cross-
linking (Biological Process) (Fig. 1C). Proteomics analysis revealed an
ALV-J-related fold-change in CTHRC1 levels of> 1.5 and significant
enrichment in the extracellular region. These results suggested the
potential involvement of CTHRC1 in ALV-J replication.

3.2. ALV-J facilitates CTHRC1 expression in vitro and in vivo

Evaluation of CTHRC1 mRNA and proteins in ALV-J-infected and
uninfected DF-1 cells showed that CTHRC1 mRNA levels were sig-
nificantly upregulated in infected cells relative to uninfected cells
(Fig. 2A). Similarly, we observed time-dependent elevations in CTHRC1
protein levels in ALV-J-infected cells post-infection (Fig. 2B and C).
Additionally, we observed similar time-dependent increases in the ALV-
J load assessed by qPCR and p27 levels post-infection (Fig. 2D and E).
These results suggested that ALV-J infection upregulated CTHRC1 le-
vels in vitro.

We then investigated CTHRC1 effects on ALV-J replication in vivo by
establishing a congenital ALV-J infection model using 6-day-old em-
bryos. After hatching, the chicks were killed at 1, 7, and 20 days of age
for immunohistochemistry assays. The results showed that both the
number of CTHRC1-positive cells and CTHRC1 levels were substantially
higher in ALV-J-infected chickens than in uninfected chickens (Fig. 2F).
Moreover, the CTHRC1-positive signal was predominantly localized to
the cytosol in ALV-J-infected tissues. These results showed that ALV-J
infection increases in CTHRC1 levels in vitro and in vivo.
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3.3. CTHRC1 overexpression promotes ALV-J replication

To determine whether elevated levels of CTHRC1 are associated
with increased ALV-J load, we transfected a recombinant pcDNA3.1-
CTHRC1 plasmid into DF-1 cells, followed by confirmation by qPCR,
western blot, and ELISA of elevated CTHRC1 mRNA and protein levels
(Fig. 3A–C). Additionally, we found increased levels of CTHRC1 also
increased levels of intracellular ALV-J RNA and viral proteins, as well as
extracellular ALV-J protein (Fig. 3C–E). These data suggested that
CTHRC1 overexpression promoted ALV-J replication.

3.4. CTHRC1 knockdown decreases ALV-J replication

Because CTHRC1 overexpression facilitated ALV-J replication, we
hypothesized that CTHRC1 knockdown might negatively affect ALV-J
replication. To test this hypothesis, we transiently transfected DF-1 cells

with shRNA targeting CTHRC1 and harvested the cells at 72-h post-
infection with ALV-J. We verified that CTHRC1 expression was down-
regulated following shRNA transfection (Fig. 4A), and confirmed that
CTHRC1 levels were also downregulated by ˜35% relative to levels in
control DF-1 cells (Fig. 4B–D). Moreover, we found that downregulation
of CTHRC1 levels significantly reduced ALV-J replication in CTHRC1-
silenced DF-1 cells (Fig. 4D–F). These results suggested that CTHRC1 is
involved in ALV-J replication.

3.5. CTHRC1 interacts with the ALV-J SU protein in the cytoplasm

To investigate interactions between CTHRC1 and ALV-J and whe-
ther CTHRC1 localization changes following ALV-J infection, we per-
formed CLSM and Co-IP analyses. The results showed that CTHRC1
localized to the nucleus in normal cells, whereas it localized to the
cytoplasm in ALV-J-infected cells. These findings suggested a role for

Fig. 1. CTHRC1 levels are significantly upregulated in ALV-J-infected cells. (A) Clustering of 88 proteins displaying significant differential levels between
infected and uninfected cells. Input data were the log2 ratios of the intensity in ALV-J-infected cells to that in uninfected cells. Red color indicates upregulated
proteins, and blue color indicates downregulated proteins. (B) Volcano plot of all proteins. The −log (P) of each protein is plotted against the log2 ratio of the
intensity in ALV-J-infected cells to that in uninfected cells. Red dots indicate upregulated proteins in ALV-J infected cells, and blue dots indicated downregulated
proteins. (C) GO functional analysis. Blue color represents Cell Composition, orange color represents Molecular Function, and yellow color represents Biological
Processes. The red box indicates the location of CTHRC1.
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CTHRC1 as a shuttle protein, and that ALV-J induces CTHRC1 trans-
location from the nucleus to the cytoplasm.

CLSM results confirmed ALV-J-mediated upregulation of CTHRC1
levels, suggesting inducible activation of CTHRC1 and its role in pro-
moting ALV-J replication. Moreover, the merged fluorescence images of
ALV-J and CTHRC1 indicated interactions between the ALV-J SU pro-
tein and CTHRC1 and revealed that the interaction occurred in the
cytoplasm (Fig. 5A). Furthermore, Co-IP results confirmed the inter-
action between the ALV-J SU protein and CTHRC1 (Fig. 5B).

4. Discussion

The ALV-J lifecycle is highly dependent upon cellular proteins.
Identification of host proteins involved in ALV-J replication not only
increases the understanding of the ALV-J lifecycle but also aids in the
development of novel anti-ALV-J therapies. Because mutation rates in
cellular proteins are substantially lower than those in viral genomes,
targeting host proteins might represent an effective barrier to the
generation of drug resistance. To identify the cellular proteins involved
in ALV-J replication, we used proteomics analysis to screen key host
proteins associated with viral replication. We identified CTHRC1, a
multifunctional protein that plays an important role in human solid
tumors through various signaling pathways (Chen et al., 2017; Liu

et al., 2013). Previous investigations of CTHRC1 focused on the inva-
sion and migration of human solid tumors (Chen et al., 2013; Liu et al.,
2018; Wang et al., 2017; Ye et al., 2016); however, there are few studies
addressing the effect of CTHRC1 on viral replication. One such study
indicated that CTHRC1 supports hepatitis B virus (HBV) replication in
cultured cells and Balb/c mice by activating the protein kinase α/ex-
tracellular-signal-regulated kinase/Janus N-terminal kinase/c-Jun cas-
cade to inhibit the interferon-mediated Janus kinase/signal transducer
of activation signaling pathway (Bai et al., 2015). In the present study,
we showed that CTHRC1 knockdown significantly reduced extracellular
ALV-J protein levels, as well as intracellular ALV-J RNA and protein
levels, suggesting that CTHRC1 is required for ALV-J replication.

To screen proteins associated with ALV-J replication, we used a
TMT method, followed by bioinformatics analysis. Our results revealed
substantial upregulation of CTHRC1 levels (fold-change>1.5) in ALV-
J-infected cells, and GO functional analysis revealed enrichment of the
protein in the extracellular space. Previous studies reported that
CTHRC1 overexpression inhibits collagen type I and III deposition
(Pyagay et al., 2005; Shekhani et al., 2016), which can alter host cell-
membrane permeabilization to promote viral replication (Martinez-Gil
et al., 2011). Based on these findings and our data, we suggest that
CTHRC1 might be associated with ALV-J replication.

CTHRC1 has characteristics similar to those of circulating hormones

Fig. 2. ALV-J infection facilitates CTHRC1 expression in vitro and in vivo. (A and D) Total RNA was extracted from ALV-J-infected and uninfected DF-1 cells.
CTHRC1 mRNA and ALV-J copy number were measured by qPCR. (B and E) CTHRC1 and ALV-J p27 proteins were measured by ELISA in supernatant from ALV-J-
infected and uninfected DF-1 cells. (C) CTHRC1 protein levels detected by western blot in ALV-J-infected and uninfected DF-1 cells. (F) CTHRC1 protein levels
measured by immunohistochemistry. Data are presented as mean ± SEM (n=3). *p < 0.05; ***p < 0.001. dpi, days post-infection.

Y. Pang, et al. Virus Research 264 (2019) 32–39

36



by exhibiting a wide range of effects on cellular physiology and meta-
bolism (Stohn et al., 2012). To investigate the CTHRC1 function during
viral replication, we demonstrated that CTHRC1 facilitated ALV-J re-
plication in cultured cells and an animal model, finding that upregu-
lated CTHCR1 levels promoted ALV-J replication, and that CTHRC1
knockdown significantly attenuated ALV-J replication. These data
suggested that ALV-J activated CTHRC1 expression in vitro and in vivo,
and that the virus required the host protein to enable self-replication.

Interactions between host proteins and viral factors within sub-
cellular compartments are required for viral genome replication
(Bender et al., 2014; Penfold and Mocarski, 1997). In the present study,
we used CLSM and Co-IP to investigate changes in CTHRC1 localization
and possible interactions between CTHRC1 and ALV-J, respectively.
The results demonstrated that CTHRC1 was predominantly and diffu-
sely distributed throughout the nucleus, with very low cytoplasmic
expression observed in uninfected cells. However, during ALV-J infec-
tion, CTHRC1 localization changed from the nucleus to the cytoplasm.
Moreover, Co-IP results indicated that the ALV-J SU protein interacts
with CTHRC1, suggesting a role for SU in promoting CTHRC1 recruit-
ment and translocation.

5. Conclusion

In summary, we showed that ALV-J infection induces CTHRC1

expression both in vivo and in vitro, and that ALV-J-mediated upregu-
lation of CTHRC1 levels facilitated viral replication through interac-
tions between the ALV-J SU protein and CTHRC1. These results suggest
that CTHRC1 is a host-cell protein that is hijacked by ALV-J to promote
viral replication and provide novel insights into the regulatory me-
chanisms associated with ALV-J infection. Although the molecular
mechanisms by which CTHRC1 enhances ALV-J replication require
further investigation, our findings propose CTHRC1 as a potential target
for antiviral-drug development.
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