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Abstract- This study aimed to determine whether the hepatitis
C virus (HCV) infects human megakaryocytes and platelets
and to measure the expression of receptors involved in virus-
cell interaction. Platelets from healthy donors were infected
with HCV in vitro and analyzed for viral expression and the
receptors claudin-1 and cluster of differentiation 81 (CD81).
HCV was detected on the surface and cytoplasm of both cells;
cytoplasmic expression was higher compared to the surface.
Platelets presented a claudin-1+/CD81-phenotype, and
megakaryocytes showed aclaudin-1+/CD81+ phenotype. We
conclude that megakaryocytes and platelets are susceptible to
HCV infection, regardless of CD81 expression, and
megakaryocytes may serve as possible sites of viral
replication. Furthermore, megakaryocytes may transfer the
virus during thrombopoiesis, releasing infected platelets that
may be carriers of extrahepatic viruses. The presence of HCV
in megakaryocytes and platelets may be related to
thrombocytopenia.

Keywords: viral infection, megakaryocytes, platelets,
hepatitis C virus, chronic hepatitis C.

I. [NTRODUCTION

espite significant advances in the treatment of
Dchronic hepatitis C with direct-acting antiviral

therapy [1,2], approximately 290,000 people died
from disease complications in 2019, mainly from causes
related to cirrhosis and hepatocellular carcinoma.
Around 58 million people chronically carry the hepatitis
C virus (HCV), and annually it is reported 1.5 million new
cases. Therefore, hepatitis C is still a global public
health problem [3].

HCV is hepatotropic and mainly targets
hepatocyte cells. However, extrahepatic viral locations
are reported in endothelial cells [4], gastrointestinal
mucosal cells [5], fibroblasts [6], macrophages,
dendritic cells [7-11], erythrocytes [12], peripheral blood
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mononuclear cells (especially B- and T-lymphocytes,
monocytes [13]), platelets [13;14] and megakaryocytes
[2]. The existence of extrahepatic reservoirs may help to
understand the symptoms or extrahepatic
manifestations that patients develop. Moreover,
extrahepatic reservoirs may be related to the high rate of
chronic infection [2,4,14-17]. Thrombocytopenia is a
common extrahepatic manifestation among patients
with chronic hepatitis C, particularly those with long-term
complications. This condition increases the risk of
bleeding and complicates liver biopsies, which leads to
compromised patient follow-up [18,19]. Acquired
thrombocytopenia is trigged by several causes,
including diseases caused by infectious agents such as
HCV, HIV, and Helicobacter pylori [20,21]. The
pathophysiology of thrombocytopenia may involve
factors such as increased platelet destruction,
decreased platelet  production, bone  marrow
suppression, hypersplenism  (including  platelet
sequestration in the enlarged spleen secondary to portal
hypertension), autoimmunogenicity, thrombopoietin
production imbalance, and adverse therapeutic effects
[18, 22].

HCV's presence in bone marrow [22] and
platelets [23] suggests these areas as biological
compartments for the virus. Thrombocytopenia in
chronic hepatitis C patients is associated with HCV's
infection of, or adhesion to, platelets [14,23]. This
interaction impairs both platelet function and the
production of megakaryocytes, which are essential for
platelet formation [2,25]. Platelet recovery after viral
suppression/eradication further indicates the
involvement of virus-platelet interactions in
thrombocytopenia [20]. Patients with chronic hepatitis C
also present alterations in the bone marrow
microenvironment. Patients with a high viral load present
hypo- and hypercellularity associated with
sedimentation of immune complexes and peripheral
cytopenia [22]. However, the exact mechanism of the
HCV interaction with platelets—whether the virus only
adsorbs to the platelet membrane or is internalized
there—is poorly understood. Additionally, the virus can
infect megakaryocytes in the bone marrow, transferring
to platelets during thrombocytogenesis. Evidence of
HCV in bone marrow [22] and platelets [23], along with
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susceptibility to in vitro infection in the megakaryocytic
lineage (MEG-01) [2] and platelets [14] supports this
view.

Considering the lack of evidence regarding the
intra- and extracellular HCV localization and the
receptors involved in the virus-target cell interaction, we
evaluated the presence of intracellular and extracellular
HCV in megakaryocytes and platelets, and the
expression of the receptors used by the virus, cluster of
differentiation 81 (CD81) and claudin-1. We sought to
clarify whether HCV is only adsorbed on the surface of
megakaryocytes and platelets or whether these cells are
susceptible to infection. Moreover, we explored the
potential link between this viral interaction and the
thrombocytopenia often observed in infected patients.

[I.  MATERIAL AND METHODS

a) Ethical aspects

The Research Ethics Committee of the Botucatu
Medical School (UNESP) approved this study under
protocol 1.354.285. All donors and patients participating
in the study provided their consent by signing informed
consent forms. All experimental assays were performed
at the Laboratory of Applied Biotechnology, Clinical
Hospital of the Botucatu Medical School, UNESP.

b) Megakaryocyte and platelet isolation

Megakaryocytes were sourced from six bone
marrow donors at Amaral Carvalho Hospital in Jad,
Brazil. These cells were harvested from the donors' iliac
crest concurrently with their bone marrow donation for
transplantation. Bone marrow samples (4 mL) were
collected with modified CPDA-1 anticoagulant (CPDA-1
with 6% EDTA) diluted 1:1 with megakaryocyte buffer
(PBS solution with 1% D-glycoside, 3% sodium citrate
and 13.5% bovine serum albumin at 22%) [26,27,28].
The diluted bone marrow was sterile filtered through a
nylon filter (160um) and carefully placed on Percoll®
(Sigma-Aldrich) in equivalent proportions (1:1). The
samples were then centrifuged at 405xg for 20 minutes
at 20°C. Megakaryocyte pellets were collected from the
top layer of Percoll® and immediately washed with the
double volume of megakaryocytes buffer (4°C). All
washed pellets were centrifuged at 405xg for 10 minutes
at 4°C. The enriched megakaryocyte pellet was
resuspended in Roswell Park Memorial Institute Medium
(RPMI) 1640 with L-glutamine and 1% antibiotics (Gibco)
until in vitro infection.

Peripheral blood platelets were collected with
EDTA anticoagulant (BD Vacutainer®- 5mL) from healthy
donors (n=4) and processed as described by Padovani
et al.[14]. Briefly, fresh blood samples were centrifuged
at 700xg for 3 minutes at room temperature to obtain
platelet-rich plasma, followed by a second centrifugation
at 1600xg for 5 minutes (room temperature) to obtain
platelet pellet. Cells were washed four times with saline
(0.9% NaCl) and resuspended in RPMI 1640
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supplemented with L-glutamine and 1% antibiotics
(Gibco).

c) Invitro infection of megakaryocytes and platelets

For in vitro megakaryocyte infection, 4x10°
nucleated cells of the enriched megakaryocyte pellet
were resuspended in 1 ml of RPMI 1640 medium. Then
6mL of HCV plasma genotype 1 (100,000 viral RNA
copies/mL) was added to the flask culture. Cells were
incubated for 36 hours in a conventional cell incubator
(Thermo Fisher) at 37°C in 5% CQO,. During the infection
period, the cell culture was or bitally agitated (18 hours)
without changing the culture medium. HCV-negative
plasma was used as a control.

In vitro platelet infection was performed as
described by Padovani et al. [14]. Briefly, 1 mL of
resuspended platelets was incubated with 1 mL of
genotype 1 HCV plasma containing 100,000 RNA
copies/mL from patients with positive RT-PCR. Samples
were incubated in a shaker (New Brunswick Scientific)
for 48 hours at 37°C with continuous shaking at 10xg.

d) Assessment of HCV infectivity in megakaryocytes
and platelets

The presence of HCV in megakaryocytes and
platelets was examined following in vitro infection. This
analysis was conducted using flow cytometry and
confocal microscopy. The purpose of these
assessments was to confirm the susceptibility of these
cells to the virus and to determine the viral location. For
HCV detection, we used the monoclonal antibody
NS4A-FITC (clone S4-13 - Abcam), a protein common to
all HCV genotypes [29]. Molecular biological assay was
performed only in megakaryocytes, since previous study
has shown HCV RNA expression in platelets, as
described in Padovani et al. [14].

i. Flow cytometry analysis

Following infection, megakaryocyte cells were
labeled with anti-human-CD61-PE (VIPL2 clone, EXBIO)
and anti-CD45-PerCP (HI30 clone, BD Pharmingen)
[26]. To label platelets, we used only the anti-human-
CD61-PE (VIPL2 clone, EXBIO), a commonly used
marker for both platelets and megakaryocyte cells. The
presence of HCV was evaluated using the monoclonal
anti-hepatitis C virus antibody NS4A-FITC (S4-13 clone -
Abcam). Cells were incubated for 30 minutes at room
temperature in the dark, according to the manufacturer's
instructions. In this assay, the control group comprises
megakaryocyte cells incubated with plasma without
HCV. Peripheral platelets obtained from HCV patients
(n=2) were used to compare the virus behavior in vitro
and in vivo. To detect HCV, we first labeled the surface
of megakaryocyte and platelet cells. Then, we fixed the
cells with 4.2% paraformaldehyde for 30 minutes at
room temperature. Both cell types were permeabilized
with  0.4% Triton X-100 for 5 minutes at room
temperature and then stained with anti-NS4A. During the



steps, we washed the cells with the respective buffers
following the rotation described above. To prevent the
formation of platelet clots, polystyrene tubes were
coated with 22% bovine albumin [30]. We obtained both
cell types wusing a FACSCalibur™ device (BD
Bioscience) and analyzed the results using CellQuest™
and FlowJo™ software (BD Bioscience). 50,000 events
were collected at the CD61+ gate for all samples. The
isotype controls were conducted following the
experimental protocol and included Mouse IgG1-FITC
(clone MOPC-21), Mouse IgG1-PerCP (clone MOPC-
21), and Mouse IgG1-APC (clone MOPC-21 - BD
Pharmingen).

The intra- and extracellular expression of HCV
antigen (NS4A) was determined by comparing the mean
fluorescence intensity (MFI - absolute number) values

using the flow cytometry crossmatch assay
MIF NS4A int lul . .
model[28] e Expression index value
MIF NS4A surface

>1.0 indicates intracellular expression due to the

increase in fluorescence compared to surface
expression.
i. Indirect immunofluorescence staining of HCV-

infected cells (confocal microscopy)

Twenty-five microliters of labeled
megakaryocytes and platelets were applied to silanized
HDA slides and covered with Fluoroshield histology
mounting medium (F6182-Sigma-Aldrich). The slides
were sealed with resin, stored at 6°C +2°C, and
protected from light. Paraffin-embedded liver fragments
from HCV-positive patients’ biopsies were used as a
positive control in this experiment. First, paraffin-
embedded liver tissues were sectioned at a thickness of
0.3um and fixed onto silanized HDA slides. The slides
were then incubated using an antigen retrieval PT Link
device (Dako) for 60 minutes at 65°C in a histological
incubator at the Immunohistochemistry Laboratory of
the Department of Pathology of the Clinical Hospital of
the Botucatu Medical School - UNESP. To block non-
specific binding, avidin and biotin (Vector Laboratories)
were applied to coverslip slides for 20 minutes at room
temperature. The slides were washed with PBS and
labeled for two hours at room temperature with anti-
human CD61-PE diluted 1:50 with EnVisionTM FLEX
Antibody Diluent (Dako). After labeling, slides were
washed and incubated overnight with EnVisionTM
diluted monoclonal anti-hepatitis C virus antibody NS4A-
FITCdiluted 1:20. Then, the slides were covered with
Fluoroshield Histology Mounting Medium (Sigma-
Aldrich) and kept at 4°C until confocal analysis. Images
were taken using the TCS SP5 - Leica Laser Scanning

Confocal Microscope, using the LAS AF software
version 2.7.3.9723, available at the Electronic
Microscopy Center of the Botucatu Institute of

Biosciences, UNESP.

iii. Detection of HCV RNA in megakaryocytes using real-
time quantitative reverse transcription polymerase
chain reaction (RT-qPCR)

Part of the megakaryocyte-enriched cell
suspension was divided equally. Tube 1 (negative
control) was incubated with 1 mL of HCV-negative
plasma. Tube 2 (test condition) had megakaryocyte
added to RPMI and incubated with a pool of plasma
containing 100,000 IU/mL of HCV genotype 1. Tube 3
(negative control) had 1 mL of the 100,000 IU/mL HCV
genotype 1 plasma pool. The purpose of the final
control assay was to prevent the adsorption of RNA
present in the plasma in the tube; therefore, no
megakaryocyte cells were added. The tubes were
washed five times to remove any free virus that did not
aggregate in the cells. All supernatants from each step
were collected and frozen at -80°C for subsequent
quantification of HCV RNA by gRT-PCR using the Abbott
RealTime HCV assay (Abbott Molecular). The genomic
region of the HCV 5'UTR was analyzed by nested PCR
reaction, with  HCV RNA being converted to
complementary DNA using the High-Capacity cDNA
Archive kit (Applied Biosystems). All procedures were
carried out according to the instructions provided by the
manufacturer.

e) Evaluation of the expression of key HCV entry
receptors claudin-1 and CD81

We evaluated the expression of Claudin-1 and
CD81, key cellular entry receptors used by HCV to infect
cells. Flow cytometry and confocal microscopy were
used to examine megakaryocytes and platelets
receptors. To perform immunophenotyping, monoclonal
antibodies were used along with phenotypic markers, as
previously described. Specifically, anti-human Claudin-
1Alexa Fluor 488 (clone 2H10D10, RheaBiotech) and
anti-human CD81-APC (clone M38, EXBIO) were used.

f)  Statistical analysis

Descriptive statistical analysis, including means,
standard deviations, and ranges (minimum and
maximum), was performed with Prism 8 software
(GraphPad®).

[11. RESULTS

a) HCV-infected megakaryocytes and platelets

Efficient HCV infection of megakaryocytes and
platelets was demonstrated in vitro through the
detection of viral expression (NS4A) and viral load
(mean 3425 IU/mL) [31]. The objective was to
demonstrate the biological event through descriptive
analysis. In megakaryocytes, the average percentage of
NS4A in the membrane was 51.71% = 26.72 (range
11.01%-85.96%). For the cytoplasm, this percentage
was 75.57%+29.66 (range 26.61%-99.77%) (Figure 1-
A). The NS4A MFI in the membrane was 30.23+9.03
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(range 19.11-43.71), while in the cytoplasm, the MFI was
63.32+32.41 (range 21.29-107.5).

The expression of intracellular viral NS4A was
2.09 times higher than that of membrane NS4A (Figure
1-B), indicating a higher concentration of NS4A or HCV
in the intracellular compartment. Supporting this
observation, confocal microscopy images showed the
presence of NS4A on the megakaryocyte membrane

NS4A expression in MK

(Figure 1-C1), along with CD61 (a megakaryocyte
characterization marker) (Figure 1-C2) and 7AAD (a
nuclear marker) (Figure 1-C3). By examining the Z-axis
(depth) of the cells, we observed a high brightness
density of NS4A expression inside the cell (Figure 1-C4),
corroborating the findings from the flow cytometer
analysis.

NS4A expression index
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Figure 1: In vitro HCV-infected megakaryocytes were examined by flow cytometry and confocal microscopy. The
percentage of NS4A expression was 51.71%+26.72 (range 11.01%-85.96%) in the membrane and 75.57%+29.66
(range 26.61%-99.77%) in the cytoplasm. In the membrane, the mean fluorescence intensity (MFI — absolute value)
of NS4A was 30.23+9.03 (range 19.11-43.71). In the cytoplasm, the MFI was 63.32+32.41 (range, 21.29-107.5). The
expression index NS4A in the cytoplasm was 2.09. Confocal images show the expression of NS4A in yellow, CD61 in
red, 7AAD in blue, and overlay markers in the sample. MK: megakaryocyte; MFI: mean fluorescence intensity.

In vitro infected platelets expressed NS4A on
both the membrane (47.89%+11.66, range 37.22%-
63.85%) and cytoplasm (75.41%+8.36, range 68.73%-
86.43%), similar to what was observed in
megakaryocytes (Figure 2-A). The NS4A MFI was higher
inside the cell (40.82+9.37; range 32.2-53.28) than in
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the membrane (18.32+2.89; range 15.12-21.29) (Figure
2-B). The expression index NS4A in the cytoplasm was
2.22. Confocal images of in vitro infected platelets
showed co-expression of NS4A and CD61 on the
surface and in the cytoplasm of the cells (Figure 2C).
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Figure 2: Platelets infected with HCV were evaluated in vitro using flow cytometry and confocal microscopy. The
percentage expression of NS4A (A) was observed in the membrane (47.89%+11.66, range 37.22%-63.85%) and in
the cytoplasm (75.41%+8.36, range 68.73%-86.43%). The median fluorescence intensity of NS4A (B) in the
membrane (18.32+2.89, range 15.12-21.29) and in the cytoplasm (40.82+9.37, range 32.2-53.28) indicated an
increase ratio of 2.22. The confocal images (C) obtained show the expression of NS4A in yellow (1), CD61 in red (2),
and the overlay of both (3). PLT: platelet; MFI: mean fluorescence intensity.

To analyze viral expression in platelets in vivo, platelets express higher viral concentrations in the -~
we evaluated samples from HCV-positive patients with  cytoplasm compared to the cell surface. The results of
detectable viral loads (n=2). Patient 1 had an HCV the histological evaluation demonstrated the co-
genotype 3 and a viral load of 17.051 IU/mL (4.23 log).  expression of CD61 and NS4A in liver tissue from HCV+
Patient 2 had genotype 1B with a viral load of 3.243.950  patients (Figure 3), reinforcing the idea that platelets can
Ul/mL (6.51 log). According to the in vitro findings, carry the virus and serve as extrahepatic reservoirs.

Figure 3: Viral expression in platelets in liver fragments from HCV patients: histological analysis using fluorescent |
markers. 1) Expression of NS4A on platelet surface; 2) CD61, platelet marker; 3) Overlay of NS4A and CD61. The
arrows indicate HCV + platelets in the blood vessels.
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b) Megakaryocytes express claudin-1 and CD81,
whereas platelets express only claudin-1.

The main entry receptors associated with HCV
infection are claudin-1 and CD81 [32,33]. In this study,
both HCV-infected and uninfected megakaryocytes
showed expression of these receptors. Claudin-1 was
expressed in  79.47%=+10.42 of HCV-infected
megakaryocytes (with an MFI of 27.97+5.97) and
69.75%+26.49 of uninfected megakaryocytes (MFI
21.24+7.04). CD81 was expressed in 61.10%+14.05 of
HCV-infected megakaryocytes (MFI 220.89+193.95),
and 67.56%=+13.39 of uninfected megakaryocytes (MFI
105.47+86.46). It is important to emphasize that the in
vitro infection process did not induce loss of expression
of these receptors, as there was no significant difference
between uninfected and infected megakaryocytes
(Figure 4A, 4B, 4D). However, higher rates of CD81
(MFI) receptors in the presence of the virus suggest the
involvement of immunomodulatory mechanisms.

Platelets expressed claudin-1  and were
negative for CD81, confirming the expected phenotype.
For in vitro infected platelets, the mean claudin-1
expression was 47.16%=10.36 and MFl was
17.65+4.37, whereas claudin-1 expression in uninfected
platelets was 44.83%+8.26 and MFI was 16.36+1.27
(Figure 4Q).
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CD81, also known as TAPA-1, has four
transmembrane domains that play a role in structural
adhesion, activation, proliferation, and cell
differentiation. According to microscopy images, the
membranes of megakaryocytes expressed CD81,
highlighting some cell regions with clusters forming
structures known as tetraspanin-enriched
microdomains. These microdomains are highly dynamic
areas on the cell surface that facilitate interaction with
other membrane components, crucial for the entry of
HCV (Figure 4D-3) [33-34].

Unlike megakaryocytes, platelets expressed
claudin-1 and are negative for CD81. For platelets
infected in vitro with HCV, claudin-1 expression was
47.16%+10.36% (range 37.08%-57.89%) and MFI| was
17.65 = 4.37 (range 13.7-23.5). Uninfected platelets
(exposed to HCV-negative plasma) showed a claudin-1
expression of 44.83%=8.26% (range 33.07%-52.42) and
an MFI of 16.36 = 1.27 (range 14.86-17.94) (Figure 4C).
There was no significant difference in claudin-1
expression between HCV-infected and uninfected
platelets. Confocal analysis showed a homogeneous
distribution on the platelet surface (data not shown).

5004

4004
3004
200 m MK-HCV4
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(Control)
ol NN == :

CcDs1

Claudin-1

Figure 4. Expression of Claudin-1 and CD81 in megakaryocytes and platelets. (A) Percentage expression of claudin-
1 (left) in infected megakaryocytes 79.47%=+10.42% (range 70.46%-94.07%) and uninfected megakaryocytes
(control) 69.75%+26.49% (range 46.26%-95.24%) and CD81 (right) in infected megakaryocytes 61.10%+14.05%
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(range 52.15%-81.01%) and uninfected megakaryocytes (control) 67.56%+13.39% (range 49.15%-81.01%); (B) MFI
Claudin-1 expression in infected megakaryocytes 27.97+5.97 (range 21.0-33.38), uninfected megakaryocytes

21.24+7.04 (range 14.99-28.39) and MFI CD81

220.89+193.95

(range 41.42-403.15) and uninfected

megakaryocytes (control) 105.47+86.46 (range 36.85+231.86) (C) Claudin-1 expression on platelets; (D) Confocal
images of megakaryocytes: 1- Claudin-1 (yellow); 2- CD61 (red); 3- CD81 (blue) and tetraspanin microdomain (white
arrows); 4- overlapping markers. MK: megakaryocyte; MFI: mean fluorescence intensity; HCV: hepatitis C virus.

IV. DIsCUSSION

HCV was detected in both the surface and the
interior of megakaryocytes, with clear areas of higher
virus concentration. These findings confirm that
megakaryocytes are susceptible to HCV. They
expressed high levels of CD81, the major viral entry
receptor. Furthermore, molecular analyses have shown
that megakaryocytes can support viral replication by
detecting the complementary strand of viral RNA. This
corroborates  previous  studies [2,22,35,36] and
characterizes the virus-permissive cell function.

Our results regarding viral expression on the
surface and cytoplasm of megakaryocytes strengthen
our hypothesis that HCV can infect platelet precursors.
This suggests that the virus may be transmitted during
the differentiation of megakaryocytes into proplatelets,
generating infected young platelets, such as swine flu
[37]. Our results align with those of Li et al., who studied
thrombocytopenia in patients with hepatitis C [2]. They
demonstrated that megakaryocytes from a patient with
megakaryoblastic leukemia in vitro infected with HCV
were permissive to the virus [2]. Moreover, electron
microscopy analyses revealed that the virus tends to
accumulate around the Golgi complex and vesicles
present in megakaryocytes [2]. Our observations using
confocal microscopy, which identified areas of higher
virus concentration in megakaryoblastic, corroborate
these findings.

Several cell lineages, including hepatocytes and
megakaryocytes, present CD81 receptors. These
molecules are distinguished from other transmembrane
proteins by the presence of conserved regions in their
extracellular domains. These regions enable CD81
receptors to associate with other proteins such as
integrins, signaling molecules, and homo- and
heterodimer proteins to form tetraspanin-enriched
microdomains [38,39,40]. These microdomainsare
coordinator molecules required for molecular trafficking,
cell-cell fusion, motility, and signaling. Pathogens such
as HCV and HIV use them as a gateway into the cell,
facilitating viral entry [38-34].

The presence of HCV in the bone marrow
correlates with the level of circulating viremia. Bone
marrow changes such as hypo- and hypercellularity of
erythroid, lymphoid, and myeloid lineages are attributed
to factors such as viral load, viral subtype, immune
status or immune complex deposition [19,22,36]. Abou
El Azm et al. reported a decrease in the megakaryocyte
population, the appearance of micromegakaryocytes,

and abnormalities in the proliferation and differentiation
of hematopoietic stem cells [41]. These observations
suggest that HCV can interact directly with these cell
populations and contribute to peripheral
thrombocytopenia [22]. Similarly, El-Barbary et al. (2010)
found a decrease in megakaryocytic colony-forming
units and thrombocytopenia in HCV+ patients [42].
Since we have shown that megakaryocytes are
permissive for HCV infection, we can infer that the bone
marrow may be the extrahepatic site of viral replication.

HCV infection impairs the functions of
hepatocytes, the major producers and secretors of
thrombopoietin, a growth factor involved in platelet
control and formation. Thrombopoietin reduction directly
affects megakaryocyte ploidy and development,
reducing platelet production. The presence of viral RNA
in  megakaryoblasts and megakaryocytes further
promotes thrombocytopenia. This can occur through
cell death or via reduction of the thrombopoietin
receptor c-Mpl (myeloproliferative leukemia protein)
[2,43,44]. The interaction between megakaryocytes and
HCV also facilitates the imbalance in circulating
thrombopoietin levels due to the lack of consumer cells
for this factor. Consequently, serum thrombopoietin
levels are significantly higher in patients with chronic
hepatitis C [42].

The presence of HCV in platelets was confirmed
here and in previous in vitro and in vivo studies [14,24].
Furthermore, when analyzing the viral RNA in plasma
and platelets of HCV-positive patients over 144 hours,
there was a decrease in plasma viral concentration,
while RNA levels in platelets remained the same [23].
This suggests that HCV can persist in the body for long
periods when associated with platelets, which can be
considered a viral reservoir. Here, we showed for the
first time that platelets express HCV both on the surface
and inside the cell. Since the virus does not express
CD81, the major receptor involved in HCV infection
[32,33,34,38,45,46], the primary question is how the
virus infects the platelets.

The mechanism of HCV entry or interaction in
platelets is still unknown. Studies have found that cells
expressing CD81 (--Molt4 cells) and those lacking this
marker (pro-monocytic lineage U937 and platelets)
exhibit similar binding rates to HCV [24]. This indicates
that HCV can interact with cells in the absence of the
CD81 receptor. HCV may interact with platelets through
adsorption or association with adhesion molecules such
as anti-human platelet antigen (HPA)-1 integrins [14,47].
This interaction could occur through platelet antigens
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such as HPA-5b and HPA-1B, as their abundance is
altered in platelets from hepatitis C patients [14,48].
Another interaction pathway may be through the
glycoprotein VI receptor [37]. This receptor is a type 1
membrane glycoprotein belonging to the
immunoglobulin (Ig) family with two Ig-C2 domains
expressed on the membrane surface of platelets and
megakaryocytes. 1gG molecules associated with HCV
could bind to the Ig-C2 domain, promoting not only cell-
cell interaction but also viral dissemination and
persistence [14,37,49].

Caludin-1, a junctional protein located on the
apical and basolateral surfaces of hepatocytes, is an
important receptor for HCV entry into these cells.
Therefore, we investigated whether platelets and
megakaryocytes express this protein. Claudin-
1functions either directly by binding to CD81 or through
cell-to-cell infection. Due to its cellular location, claudin-
1 may be able to interact with HCV [50,51]. Our data
showed that megakaryocyte cells express claudin-1and
CD81, whereas platelets express only claudin-1. Cells
expressingclaudin-1but lacking CD81 are susceptible to
HCV [32]. Blocking the HCV-claudin-1 interaction with
monoclonal antibodies prevented viral infection in vivo
and in vitro, further implicating claudin-1in HCV infection
[33].

Our findings indicate that claudin-1 expression
in  megakaryocytes is not uniform but rather
concentrated in specific areas of the cell. HCV enters
hepatocytes through the association between CD81 and
claudin-1. This complex facilitates the formation of
tetraspanin-enriched  microdomains,  which  are
concentrated in certain cell regions. Therefore, we
inferred that a similar process of HCV entry might occur
in megakaryocytes.

HCV infects hepatocytes either through cell-free
particle diffusion followed by engagement with specific
cellular receptors orvia cell-to-cell direct transmission
mediated by mechanisms not well defined yet [52]. Cell-
to-cell infection involves direct viral transfer to
neighboring cells, allowing the virus to evade immune
system cells and antibodies designed to fight it. This
strategy may contribute to viral persistence [46,53-55].

CD81, claudin-1, occludin and low-density
lipoprotein receptors are cellular molecules involved in
cell-to-cell viral transmission. Since claudin-1was found
to be expressed by platelets even in the absence of
CD81, this pathway may be involved in platelet
infection.[56]. Histological analysis of liver tissue from
HCV patients revealed an accumulation of HCV-infected
platelets (CD61+NS4A+) around blood vessels. The
capillaries or vessels in the hepatic endothelium play a
critical role in the exchange of macromolecules, solutes,
and fluids from the blood and are also the entry point for
pathogens into the liver. We believe that platelets can
transport the virus across the endothelium to liver tissue,
which could favor the interaction of the virus with
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different receptors, including CD81, claudin-1, and
occludin, allowing viral internalization in hepatocytes
[57].

V. CONCLUSION

This study demonstrated the presence of HCV
on the platelet surface and, for the first time, identified
viral expression in the cytoplasm of these cells. Possible
mechanisms of interaction between HCV and platelets
include adsorption due to platelet morphology/
phenotype or interaction mediated by receptors such as
claudin-1, even in the absence of CD81. Additionally, we
demonstrated HCV on both the surface and inside of
megakaryocytes, suggesting that platelets derived from
infected megakaryocytes may enter the circulation with
the virus.

Our findings contribute to understanding the
pathophysiology of hepatitis C, especially the interaction
of the virus with different cell types. The presence of
HCV in megakaryocytes and platelets, either through
direct viral interaction that induces apoptosis or by
altering the maturation of progenitor cells, may be
related to thrombocytopenia, an  extrahepatic
manifestation often observed in patients with chronic
hepatitis C.
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