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SUMMARY: Swine respiratory and reproductive syndrome (PRRS) is a highly infectious disease that has a significant negative

economic impact on the Mexican pig farming industry. The virus responsible for PRRS relies on the functioning of cellgtoptcake
vimentin is thought to play a role in the virus's replication and transport. Therefore, this study aimed to examine thecytoskaieton's
morphology in MARC-145 cells infected with the PRRS virus, in order to create a cell morphology model that could heljnigetitfy-

induced changes in vitro. The results revealed altered patterns of vimentin expression in the perinuclear zone and theffeymatta,

clusters of cells containing the same protein, starting from 24 hours post-infection (hpi). The study concluded withdtiendefstine cell
monolayer at 72 hpi, possibly due to the depolymerization of the cytoplasm, leading to a reorganization of vimentin. arizatenrgould
be linked to the virus's infectivity and underscores the importance of establishing a morphological model of vimentiufigrah®RBRSv.
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INTRODUCTION

The swine industry is greatly affected by viral diseasetissues, and to a lesser extent in dendritic cells through a
leading to annual economic losses of over 20 million dollareceptor-mediated endocytosis mechanism. This mechanism
in Mexico. Swine Influenza (PI), Porcine Circoviruses (PCV)riggers the release of proinflammatory cytokines such as
Porcine Epidemic Diarrhea (PED), and Porcine ReproductiiéNF-alpha, IL-1, and IL-6 (Dingt al, 2012; Zimmerman
and Respiratory Syndrome (PRRS) are the main causes of thefsal., 2019). The virus has six receptors: heparan sulfate,
losses (Castro, 2020). PRRS is a highly infectious swi@D163, vimentin, sialoadhesin, CD151, and CD169. Some
disease found worldwide (Jackson & Cockcroft, 2007), causedll lines like BHK-21, PK-15, and CHO-K1, which were
by Betaarterivirus suid 1 and Betaarterivirus suid Previously not susceptible to the virus, can become infected
(Zimmermanet al, 2019; International Committe on when they express these receptor proteinsdSdli, 2015;
Taxonomy of Viruses, 2023). It is a disease caused by &ingzhan & Dongwan, 2015).
enveloped RNA virus that grows in serum, homogenized
lymphoid and lung tissues, and cell cultures, especially in the The cytoskeleton is a network of protein filaments
MARC-145 cell line (Zimmermast al, 2019). composed of actin filaments, microtubules, and intermediate

filaments. Vimentin filaments, which are part of the

During an infection, the virus multiplies in monocyte-intermediate filaments, are expressed in mesenchymal cells
derived cells, which act as cellular receptors essential fand various cell lines, forming transcellular networks that
virus binding, internalization, and replication. The virus theprovide support and strength to the cells (Albetrtd, 2022).
spreads to alveolar and intravascular pulmonarjhere have been reports of viruses interacting with
macrophages, monocyte-derived macrophages in lymphaigtoskeletal filaments, leading to rearrangements of actin
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filaments caused by viruses such as SARS-CoV-2, influenzaccine was added and left in the incubator for 3 h. They
virus, picornavirus, and vesicular stomatitis virus (Acharyaere removed from the incubator and the 5 ml of vaccine
et al, 2022). This can result in disorganization of actimvere recovered. Finally, 5 ml of 4 % RPMI medium was
filaments and increased stress fibers in uninfecteatided to each infected culture and incubated to follow the
neighboring cells (Kanlayat al, 2009), changes in cell course of infection at 24, 48 and 72 h.
morphology including rounding of cells, possibly due to
alterations in actin filaments caused by viruses such ®@nentin and actin filament labeling. Cells cultured on
pseudorabies virus (Van Minnebruggenal, 2002), PRRSv-infected coverslips and uninfected controls were
abnormal organization of stress fibers caused by dengue vifixed with 10 % aqueous formalin in PBS for 20 min at room
(Suttitheptumronget al, 2021), and degradation of stressemperature (RT), permeabilized with 0.5 % triton X-100 in
fibers caused by Marek's virus (Schumaadtteal, 2005). PBS for 5 min and then blocked with 1 % bovine serum
Other effects include stress fiber reduction (rubella viruglbumin (BSA) in PBS for 20 min. Once the above steps
and actin filament disorganization (SV40 virus) (Nunbhakdivere completed, the cells were incubated with the primary
et al, 2003), as well as the formation of actin aggregatesti-vimentin antibody (mouse anti-vimentin 1gG, Santa
resulting in lamellipodia and filopodia formation in classicaCruz Biotechnology) at 4C overnight in a humid chamber,
swine fever virus-infected cells (Cheagal, 2021). then incubated with the secondary antibody conjugated to
fluorescein isothiocyanate (goat anti-mouse IgG-FITC, Santa
The movement of viruses between cells has be&ruz Biotechnology) overnight af€, in a humid chamber.
observed in different viral families. These viruses hav®nce finished the cells were subjected to a final incubation
evolved to avoid the immune response by altering the actirith phalloidin conjugated to rhodamine isothiocyanate
cytoskeleton. This can include the creation of syncytia, act{®igma-Aldrich) for 20 min at RT in the dark, to proceed to
comets, nanotube tunnels, and filopodia (Labudova, 202®punting with mounting medium added with 4'6-diamino-
Aliyu et al, 2021). PRRSv-infected cells show that viru2-phenylidinol (DAPI) on slides (Ultracruz® Mounting
transmission depends on cytoskeletal function. It has bektedium for Fluorescence, Santa Cruz, CA, USA). After each
found that microtubule inhibitors can suppress the secondatgp of the process the samples were washed 3 times with
spread of the virus. In addition, there is a noticeable chanBBS. The cell cultures were observed with a fluorescence
in the actin filaments of PRRSv-infected cells, suggestingicroscope (Zeiss Axioskop 40).
that actin plays a role in creating a protective barrier for
cell-to-cell transmission (Cafrurgt al, 2006). Furthermore, Image processinglrhe free Image J software was used for
it has been reported that vimentin filaments, along with thmage analysis together with the "Z project" function for
ANXAZ2 protein, are necessary for viral infection, replicationjoint visualization of actin, vimentin and DAPI (merge).
and transcription (Chargt al, 2018).

RESULTS
The present study aims to determine the structural
changes in vimentin filaments caused by PRRSv in MARC- In this work we present the rearrangements of
145 cells. cytoskeletal flaments (vimentin and actin) in PRRSv-
infected MARC-145 cells. In these cells, the distribution of
MATERIAL AND METHOD vimentin filaments showed a well-defined pattern with a

radial arrangement throughout the cytoplasm in the form of
Cell culture. The MARC-145 cell line is cultured in RPMI transcellular networks. Actin filaments were observed with
medium. For propagation phase/uninfected cultures, it &well-defined distribution pattern and structure, showing
supplemented with 10 % fetal bovine serum, and for infectéa particular stress fibers. Nuclei were observed with good
cultures, it is supplemented with 4 % fetal bovine serumorphology and structure (Fig. 1).
along with antibiotics (5000 1U/ml penicillin andpg/ml
streptomycin). The cells are maintained sterile in a At 24 hours post-infection, the presence of vimentin
humidified incubator (Thermo Scientific) with a 95:5 airffilaments was observed in a perinuclear pattern with intense
CO2 mixture at 37C. labeling, with loss of the characteristic morphology of these

filaments (Fig. 2A). The loss of stress fibers and the
Infection with PRRSv. PRRSv from a live attenuatedformation of numerous filopodia between cells that did not
commercial vaccine INGELVAC PRRS MLV from the present a direct contact between them (Fig. 2B), the presence
Boehringer Ingelheim Laboratory with the ATCC-VR 2332f larger cells with a poorly defined pattern of actin filaments
strain was used. PRRSv was propagated by removing ted the formation of syncytia with a disorganized pattern of
culture medium from the cell cultures, then 5 ml of theimentin and around the syncytium there were small cells
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Fig. 1. Vimentin and actin filaments in
MARC-145 cells. The arrangement of the

(A) Vimentin filaments, (B) Actin
filaments, and (C) Nuclei in the control
cell cultures is shown, as well as signal
splicing to visualize the colocalization of
the cytoskeleton components with the cell
nucleus. (D) Merge. Fluorescence
microscopy triple-labeling, 40X.
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Fig. 2. MARC-145 cell line at 24 hpi with PRRS virus. At 24 hpi, positive labeling to vimentin was observed in the cultuees wit
predominant localization pattern in the perinuclear cortex (1A, yellow arrows), these aggregates do not colocalize witictbarnmsestin
cortex in the merge (1:D, white arrows) and remain surrounding the nuclei, which at this post-infection time do not shevwndhairge
morphology or centric position in the cells. The formation of giant cells is also observed, which do not present the npholalggof
MARC-145 cells, these cells remain isolated from the others, and at the cytoplasmic level, the actin filaments are olenvedzéep
without the characteristic radial patterns and stress fibers (2:B), while the vimentin pattern is limited to the perimecleghaoat
radiating towards the cell cortex (2A and 2D). Finally, the white arrows (3A, 3B & 3C) show the presence of filopodia;@degher
structure of actin specialized in sensing the environment surrounding the cell. (A) vimentin; (B) actin; (C) DAPI; (D)FMergscence
microscopy, 20X (1& 2) and 40X (3).
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with abundant aggregation of vimentin, which appeafsagmentation, disordered with irregular sizes, suggestive
colocalized with aggregations of actin (Fig. 2D). of an advanced process of cell death (Fig. 3). At 72 hpi,
visualization of cells was difficult since the integrity of the
At 48 hpi a notorious alteration in the integrity of themonolayer was almost completely affected, allowing only
monolayer was evidenced, characterized by changes in dstilated cells with altered morphological patterns to be
size, syncytia formation and decrease in cell populatiolncated. Vimentin filaments were observed forming a
Disorganization of vimentin and actin filaments wagerinuclear ring suggesting their depolymerization and
observed, in addition to nuclear damage with loss @ggregation around the nucleus while actin filaments show
morphology both in position and structure characterized laydiffuse arrest with loss of stress fibers (Fig. 4).

A B C D

Fig. 3. MARC-145 cell line at 48 hpi with PRRS virus. At 48 hpi the cultures showed a marked depolymerization of the vichantin a
cytoskeleton. In the cytoplasmic region, the distribution pattern of vimentin radiating from the perinuclear zone toweltaseh®cane
disappeared, showing labeling without a defined distribution (white arrows); actin depolymerization presented a lumpyithattern w
visualization of stress fibers (yellow arrow). At the nuclear level, a diffuse punctate pattern of material was genergtenlithhau
cytoplasm (orange arrow). Figs. 1, 2, & 3 show cells from 3 random fields where damage is evident (A) vimentin; (B) Bti; (O):

Merge. 40X fluorescence microscopy.

Fig. 4. MARC-145 cell line at 72 hpi with PRRS virus. Cells
isolated by massive monolayer destruction and the morphological
patterns of actin and vimentin at the cytoplasmic and perinuclear
levels were severely affected (Figs. A& C). A: vimentin; B: actin;
C: DAPI; D: Merge. Fluorescence microscopy, 40X.
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DISCUSSION Our results showed that during infection with PRRSv,
evaluated at 24 hpi, there was an altered pattern in vimentin
In this work we studied the rearrangements of actiexpression characterized by increased labeling in the
and vimentin filaments in MARC-145 cells in PRRSv-erinuclear zone and in colocalization zones with alterations
infected cells. Infected cultures showed changes in th@factin stress fibers, the formation of these vimentin clusters
morphology and in the structure of actin and vimentiwas more evident in the initial sites of syncytia formation.
filaments. Cafrunyet al. (2006), reported that viral As for the actin filaments, disorganization was observed that
transmission is dependent on an intact cytoskeleton, as the infection time progresses (24 to 72 hpi) ends with the
particular vimentin filaments (Chang, 2018). (Jardon, 202()ss of stress fibers and a diffuse distribution of the actin
Jardonet al 2023), corroborated that the morphology ofabel. Cells infected with dengue virus showed
actin filaments is altered during the process of viral infectiodjsorganization of actin filaments and an increase in stress
which seems to indicate that there is an importafibers was observed in neighboring uninfected cells (Kanlaya
modification of the cytoskeleton induced by PRRSy, so that al, 2009), which is consistent with our results. The changes
its infectivity capacity could be dependent on itsn cell morphology as well as the loss of stress fibers is in
manipulation. agreement with previous reports that indicate that these
changes may be due to alterations in actin filaments caused
Kim et al. (2006), evaluated the effect of PRRS\by viruses such as pseudorabies (Van Minnebruggeah,
vimentin pression on receptors on the surface of MARC2002), as well as abnormal organization of stress fibers
145 cells and other cell lines not permissive to PRRSsaused by dengue virus (Suttitheptumrengl., 2021) and
infection, and reported that infection resulted in opsonizatiategradation of stress fibers caused by Marek's virus
and endocytosis of the virus, whereas BHL-21 and CRFHSchumacheet al., 2005).
cultures (not sensitive to PRRSv infection) were administered
simian vimentin and became susceptible to PRRSv infection, In well-established syncytia, vimentin expression was
suggesting an important involvement of the vimentipredominantly from the perinuclear zone at the cytoplasmic
cytoskeleton in viral infection. The reorganization of vimentirkevel, radiating to the cell membrane. During replication of
produced by PRRSv promotes viral replication (Zhetr, some enveloped viruses, viral fusion proteins are inserted into
2021). Our results show changes in the structure of vimentime membrane of the infected cell that induce fusion with other
filaments supporting these results. In a study by Zheangmembranes of adjacent cells. The result is that the cytoplasm
al. (2012), they identified proteins expressed in MARC-146f the cells involved are combined, but not the nuclei, if this
and PAM cells infected with PRRSv by proteomic methodsccurs by bringing together several cells forming syncytia.
(Western Blot and RT-PCR), they found increased levels Bbr the virus this means being able to infect cells without
cofilin-1 and vimentin, the authors mention that despite négaving the extracellular space, where it could be neutralized
being specific proteins of the disease, the changes detedigdantibodies, this could be a short-term solution because the
were caused by PRRSv infection causing a reorganizationgyihcytia eventually die, as observed at 72 hpi.
vimentin which probably leads to an unstable cytoskeletal
structure. However, PRRS is not the only agent reported WitONCLUSIONS
changes in the cytoskeleton of infected cells, an example is
the Hepatitis C virus where vimentin interacts with the central During the viral infection process in cell cultures,
protein of the virus which regulates its expression and affedtsfection with PRRSv affects the pattern of vimentin
virus replication (Nitaharat al, 2009, Ramost al 2020). filaments at different times of infection. These findings
As mentioned by Yanet al. (2016), in Dengue virus (DENV) suggest that vimentin plays an important role in the process
infections, vimentin interacts with the virus envelope proteiaf viral infection. Therefore, this cytoskeleton protein has
in endothelial cells and favors virus uptake and subsequeignificant potential to be a therapeutic target for new
infection. Another case is Influenza virus type A (IAV) wherestrategies against this disease.
vimentin is required for the release of viral ribonucleoproteins
(VRNPSs) into theytoplasm by altering lysosomal trafficking ACKNOWLEDGEMENTS
during entry, this alteration could be related to reduced
acidification of early endosomes in cells lacking vimentin, The research was conducted with the support of the
which are required for membrane fusion during the earfyrojects: Research Chair "Changes in the cytoskeleton of
stages of infection (Wu & Pante, 2016). Additionallyyvimentin in MARC-145 cells during in vitro infection with
vimentin abundance has also been found to increase in bBRRRS virus" CI2267 and "Study of structural changes in
cytoplasmic and membrane fractions in infected cell culturése cytoskeleton of tubulin during infection with
(DeBoer.et al, 2018). Betaarterivirus suid 2 in MARC-145 cells" Cl2437.
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