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EV71-infected CD14™ cells modulate the immune
activity of T lymphocytes in rhesus monkeys

Jingjing Wang*, Jing Pu*, Hongtai Huang*, Ying Zhang, Longding Liu, Erxia Yang, Xiaofang Zhou, Na Ma,
Hongling Zhao, Lichun Wang, Zhenfeng Xie, Donghong Tang and Qihan Li

Preliminary studies of the major pathogen enterovirus 71 (EV71), a member of the Picornaviridae family, have suggested that EV71
may be a major cause of fatal hand, foot and mouth disease cases. Currently, the role of the pathological changes induced by EV71
infection in the immunopathogenic response remains unclear. Our study focused on the interaction between this virus and
immunocytes and indicated that this virus has the ability to replicate in CD14* cells. Furthermore, these EV7 1-infected CD14™ cells
have the capacity to stimulate the proliferation of T cells and to enhance the release of certain functional cytokines. An adaptive
immune response induced by the back-transfusion of EV7 1-infected CD14™ cells was observed in donor neonatal rhesus monkeys.
Based on these observations, the proposed hypothesis is that CD14 ™ cells infected by the EV71 virus might modulate the anti-EV71
adaptive immune response by inducing simultaneous T-cell activation.
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INTRODUCTION

In recent years, frequent and widespread outbreaks of hand, foot and
mouth disease in infants and young children have been reported in
Asian-Pacific countries.'™ Preliminary studies of the major pathogen
enterovirus 71 (EV71), a member of the Picornaviridae family,5 have
suggested that EV71 may be a major pathological cause of fatal hand,
foot and mouth disease cases"*® by inducing significant pathological
changes in the central nervous system (CNS) that ultimately lead to
neurogenic pulmonary failure.”'® These neurological lesions and the
subsequent severe sequelae that result from infection are believed to be
a potential growing threat to child health and may be the largest risk to
children since polio was ‘eradicated”.®'! Thus, studies of the patho-
genic features of EV71, particularly its mechanism of pathogenesis and
the associated immunopathogenesis in EV71-infected human tissues
and cells, would contribute to a better understanding of the signifi-
cance of this virus to public health.'?

Despite the lack of understanding of the viral infection processes
involved in the migration of the virus from primary infection sites,
such as the mucosa in the respiratory or intestinal tracts, to the CNS
via the circulation and peripheral nerves, previous studies have
described potential pathogenic mechanisms of EV71.">"*> Dendritic
cell (DC)-specific intercellular adhesion molecule-3-grabbing non-
integrin has been reported to be one of the specific EV71 receptors
on the surface of immature human DCs.'® Other categories of sca-
venger receptors'” as well as P-selectin'® and Annexin II'* are usually
expressed on the surface of monocytes, DCs and epithelial cells.*>*!
Furthermore, EV71 has been shown to have the capacity to infect
immature DCs, in which this virus can proliferate and then presum-
ably migrate to associated organs and tissues such as the CNS.'

Additionally, high viral loads have been detected in the lymphocytes
of EV71-infected patients and animal models.?>** These data suggest
that an interaction exists between EV71 and immunocytes during the
EV71 infection process. This process likely follows the logical progres-
sion of typical pathological changes in CNS tissues and other organs,
such as the lungs, and the corresponding inflammatory reactions
induced by abnormally functioning immunocytes."'>** In fact,
abnormal increases in the level of some inflammatory factors, such
as interleukin-6 (IL-6) and interferon-y (IFN-v), have been observed
in both lethal EV71 clinical cases and in animal model studies of EV71
infection.?>~?” Thus, further investigation of the interaction between
the virus and immunocytes during the EV71 infection process would
shed light on the pathogenesis of EV71 infection. In this paper, the
impact of EV71 infection on CD14™ cells and the immune activity of T
lymphocytes are described. The observations are based on the infec-
tion of CD14™ cells by EV71 in a neonatal rhesus monkey model that
was previously established in our laboratory. In this model, the patho-
genic process of EV71 infection can be monitored based on clinical
manifestations, viral load and tissue pathogenic changes.” The cor-
responding modulatory and stimulatory functions of this infection on
the immune system were investigated with in vivo and in vitro experi-
ments.

MATERIALS AND METHODS

Virus and cells

The FY-23 subgenotype C4 strain of the EV71 virus was isolated from
an infected male child with clinical symptoms of severe cardiopul-
monary collapse during an epidemic in Fuyang, China, in 2008
(GenBank accession number: EU812515.1).® The virus was grown
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in Vero cells (ATCC, Manassas, VA, USA), as previously described.??
The Vero cells were maintained in Dulbecco’s modified Eagle’s me-
dium (HyClone, Logan, UT, USA) with 10% fetal bovine serum
(Gibco, Grand Island, NY, USA).

Neonatal rhesus monkeys

All animal work was conducted according to the relevant national
and international guidelines. The Office of Laboratory Animal
Management of Yunnan Province, China, approved the experimental
procedures used with these animals (approval number: SCXK (Dian)
2011-0005). All animals were kept in isolation for 2 weeks before the
initiation of the study. Each newborn monkey and its mother were
kept in a single cage and were fed according to the guidelines of the
Committee on Experimental Animals at the Institute of Medical
Biology, Chinese Academy of Medical Sciences.*® A neutralization test
was conducted to confirm that the monkeys did not have antibodies
against EV71 prior to the experimental infections.”® In accordance
with the recommendations of the Weatherall report, the experiments
were approved by Experimental Animal Welfare Ethics Committee of
the Institute of Medical Biology (approval number: YISHENGLUNZI
[2011] 15).

A total of 12 healthy newborn rhesus monkeys with an average
weight of 300+350 g and an average age of 1-1.5 months were divided
into two groups, with three monkeys in experimental group one and
nine monkeys in experimental group 2 (including three monkeys in
control group (transfused the normal CD14™ cells from other mon-
keys), three monkeys in donor group (separated the peripheral blood
mononuclear cells (PBMCs), infected CD14™" cells with EV71 in vitro,
and then transfused back the EV71-infected CD14™ cells) and three
monkeys in non-donor group (transfused the EV71-infected CD14™
cells from other monkeys)).

In experimental group 1, the monkeys were infected with EV71
(10*° cell culture infective dose 50% (CCIDsp)/monkey) via the res-
piratory tract.*® Briefly, the monkeys were anesthetized with ketamine
(10 mg/kg of body weight; Phoenix Pharmaceuticals, St Joseph, MO,
USA) and then infected using a bronchoscope wedged into the desired
trachea. The virus, in 2 mL of sterile saline, was instilled into the
trachea via the biopsy channel of the bronchoscope. The three neo-
nates in experimental group 1 were killer by over anesthetization at day
5 post-infection (p.i.) for analysis of EV71-infected CD14™ cells.

The monkeys in experimental group 2 were used to provide PBMCs
and were used in the transfusion experiment but were not sacrificed.
Briefly, CD4", CD8™, CD14™ and CD20™ cells were separated from
the PBMCs collected from experimental group 2. Cultured CD14™
cells were infected with EV71 for the dynamic analysis of viral proli-
feration or for transfusion back into three original donors or three
non-donor monkeys.

Cell isolation, separation and culture

PBMCs, lymph monocytes and spleen monocytes were isolated from
whole blood, the axillary lymph nodes and the spleen, respectively, by
density gradient centrifugation over Lymphoprep (Ficoll-Paque
PREMIUM; GE Healthcare, Piscataway, NJ, USA). The cells were
counted, assayed for viability via trypan blue exclusion, and separated
into CD20", CD14", CD4" and CD8" populations using specific
immunoadsorption (monoclonal antibody-coated magnetic beads;
Miltenyi Biotec, Bergisch Gladbach, Germany) and flow cytometry.
The marker-positive cells and marker-negative cells in the population
were cultured at a density of 1.0X10” cells/mL in RPMI 1640
(HyClone, Logan, UT, USA) with 10% fetal bovine serum (Gibco),
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100 U/mL penicillin, 100 pg/mL streptomycin, 30 ng/mL granulocyte-
macrophage colony-stimulating factor and 10 ng/mL IL-4, at 37 C in
5% CO,.

Isolation and titration of the virus

The virus samples harvested from cell cultures or isolates of different
cell populations (CD4™, CD8*, CD14" and CD20™ from infected
neonates) were analyzed with a microtitration assay. Briefly, the virus
sample was diluted sequentially 10-fold and used to inoculate mono-
layers of Vero cells in a 96-well plate with a volume of 50 pL/well and
eight wells for each dilution. After 72 h of incubation at 37 'C post-
inoculation, the extent of the cytopathic effect in the inoculated cells
was observed to determine the viral titer.*

Extraction of viral RNA and quantitative reverse transcription
polymerase chain reaction (QRT-PCR) amplification

Viral RNA was extracted from the cells and tissues of the experimental
animals using a Qiagen RNeasy Mini Kit (Qiagen, Hilden, Germany).
The viral loads were quantified relative to a standard RNA copy num-
ber by real-time real-time RT-PCR analysis, as previously described.*’

Immunofluorescence analysis of cells and antigens

The tissue samples from each infected monkey were fixed in formalin,
dehydrated, embedded, sectioned, placed on glass slides and fixed in
paraformaldehyde as previously described.”® The cell samples, including
PBMCs and spleen lymphocytes from infected monkeys in experi-
mental group 1, were washed with phosphate-buffered saline (PBS),
resuspended, smeared on a glass plate, fixed with acetone and dried.”’
The EV71 antigen was detected using a mouse anti-enterovirus 71
monoclonal antibody (Chemicon, Temecula, CA, USA) and anti-
mouse IgG-rhodamine antibodies (Sigma, Deisenhofen, Germany).
CD14™ cells were detected using a labeled anti-CD14 antibody (BD
Biosciences, San Jose, CA, USA). The staining procedure was performed
according to a standard protocol.” The imaging of labeled samples was
performed with a Nikon C1 laser scanning confocal microscope system
(Nikon, Tokyo, Japan). The acquisition, storage and analysis of the data
were performed using EZ-C1 viewer software from Nikon.

EV71 infects CD14™ cells in vitro

CD14" cells (1.0X 10 cells/well) from the normal neonates of experi-
mental group 2 were cultured for 24 h at 37 ‘C in 5% CO, and then
infected with EV71 multiplicity of infection (MOI)=1 in vitro. Briefly,
the cells were washed twice, infected with EV71, and then washed
again prior to culturing at 37 ‘C. The supernatants and cells were
collected at 24 h p.i. 200 pL of supernatant from the infected cells
was used for cytokine detection by cytometric bead array (CBA) as
described below. The cells were harvested after three freeze—thaw
cycles to determine the viral loads by virus titration and qRT-PCR.

T lymphocyte proliferation assay

The supernatants of EV71-infected CD14™ cells were harvested at 24 h p.i.
(as described above) and then added to T cells (purified using anti-CD3
monoclonal antibody-coated magnetic beads, 1.0X10° cells/well). The
stimulated T cells were divided into two parts for experiments. One part
is for cytokines assay. After 24, 48 and 72 h of incubation at 37 ‘C, the
cytokines were detected by CBA as described below. And the other part of
cells were incubated for 48, 72 or 96 h at 37 ‘C in 5% CO,, pulsed with *H-
thymidine (1 pCi/well; NEN/DuPont, Boston, MA, USA) for 8 h, and
harvested. The results are expressed as counts per minute of *H-thymidine
incorporation and represent the mean of triplicate cultures.



Flow cytometry-based CBA analysis

Culture supernatants and sera from the transfused monkeys were col-
lected for use in detection assays targeting IL-2, IL-4, IL-5, IL-6, IL-8,
IL-10, tumor-necrosis factor-o. (TNF-a) and IFN-7. These assays were
conducted simultaneously using a Th1/Th2 cytokine cytometric bead
array kit specific for non-human primate (BD Biosciences, San Diego,
CA, USA).** The assay was conducted following the manufacturer’s
protocol. Briefly, a mixture of the anti-cytokine beads was added to
the supernatant or serum samples, and these samples were incubated
with the included phycoerythrin (PE) detection reagent in the dark at
room temperature for 3 h, and then washed for twice. The intensity of
the fluorescence signal was acquired on a fluorescence-activated cell
sorter flow cytometer (BD Biosciences, San Jose, CA, USA) and ana-
lyzed using CBA software (BD Biosciences, San Jose, CA, USA). The
results of the experiments have excluded the levels of previously added
IL-4, according to the control.

Transfusion experiment

CD14" cells (2X10° cells) collected from each of the three normal
neonates in experimental group 2 were infected with EV71 (MOI=1)
in vitro. At 24 h p.i., the in vitro-infected CD14" cells (2X10° cells) were
collected by centrifugation and washed with PBS three times. Half of
these CD14 ™" cells were transfused back into the three original donor
monkeys (auto-transfusion), and the other half of the cells were trans-
fused into three non-donor monkeys (allo-transfusion).*® As a negative
control, three additional monkeys in experimental group 2 were treated
with PBS. The transfused monkeys were monitored daily for body
temperature and general health status. PBMCs were taken from all
the monkeys at day 5 post-transfusion, incubated for 24 h and stimu-
lated with EV71 VP1 peptide prior to intracellular cytokine staining and
flow cytometry to determine the percentage of cells producing IFN-y.

Intracellular cytokine staining with flow cytometry

The intracellular cytokine staining assay was performed using freshly iso-
lated PBMCs from transfused or normal monkeys. The cells were stimu-
lated with EV71 antigen (2 ng/mL) for 4 h at 37 C. The negative controls
included cells incubated without peptide. Brefeldin A (10 pg/mL; Sigma,
St Louis, MO, USA) was added according to the method described in
detail by Karlsson et al** All the cells were washed and stained for flow
cytometry with fluorescein isothiocyanate-conjugated anti-IEN-y (BD
Biosciences, San Jose, CA, USA) and PE-conjugated anti-CD3 (BD
Biosciences, San Jose, CA, USA) for 30 min at 4 ‘C. After staining, the
cells were washed, fixed in 1% paraformaldehyde, and collected with a
FACSCalibur instrument using Cell Quest software (BD Biosciences, San
Jose, CA, USA). The proportion of cells producing IFN-y was recorded.

Statistical analysis

The data were expressed as the means and standard deviations.
Individual experiments were repeated three times per sample.
GraphPad Prism software (San Diego, CA, USA) was used for the
statistical analyses. The differences between the two groups were eval-
uated using one-way analysis of variance. A P value of <0.05 was
considered significant.

RESULTS

EV71 has the ability to infect CD14™ cells during the infection of
neonatal rhesus monkeys

As demonstrated in our previous studies, an EV71 viremia peak is
typically present from days 5 to 8 p.i. in the neonatal monkey model,
followed by sustained high viral loads from days 7 to 10 p.i. in the CNS
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and other organs, including brown adipose tissue and lymph nodes.**
qRT-PCR amplification of viral RNA extracted from the blood sam-
ples of monkeys in experimental group 1 collected on day 5 p.i. indi-
cated that EV71 was present in PBMCs (Figure 1A). By contrast, no
viruses were observed in the serum, erythrocytes (red blood cells) or
platelets (Figure 1A). The sampled PBMCs of these infected monkeys
were immobilized on slides for analysis by confocal fluorescence
microscopy using an anti-EV71 antibody and anti-CD14, CD4, CD8
and CD20 fluorescent antibodies. EV71 and CD14 fluorescence were
observed within the same cells among PBMCs obtained at day 5 p.i.
(Figure 1B). However, no EV71 fluorescence was observed in CD4%,
CD8* and CD20™ cells (Supplementary Table S1). Because EV71 is
delivered via a respiratory tract spray in our established neonatal
monkey model, this study highlights the relationship between
CD14" cells and EV71 antigen expression in the trachea, axillary
lymph nodes and spleens of infected animals sacrificed at day 5 p.i.
The colocalization of anti-EV71 and anti-CD14 antibodies was
observed in the trachea, axillary lymph nodes and spleen tissue
(Figure 1B). To confirm these observations, viral microtitration and
qRT-PCR were used to detect the virus in Vero cells cocultured with
CD14" cells isolated from either the PBMCs or lymph nodes of
infected animals and purified with flow cytometry. The Vero cells
cocultured with CD14 " cells were positive for virus by both methods
(Figure 1C). Together, these findings are sufficient to suggest that
EV71 has the ability to infect host CD14™" cells. In these cells, the virus
might be maintained and could subsequently migrate to tissues and/or
organs in infected neonatal monkeys.

Dynamic profile of EV71 proliferation in CD14™ cell culture

To explore the potential mechanism of the EV71 infection of CD14™"
cells in infected neonatal monkeys, the dynamic proliferation of the
virus in infected CD14" cells and other PBMCs from normal monkeys
in experimental group 2 was assessed in vitro. The CD14™ cells and
other cells, including CD4 ™, CD8* and CD20™ cells, were infected by
EV71 atan MOI of 0.5-1, and aliquots were collected every 4 h for viral
titration. The results collectively suggest that EV71 has a distinct pro-
liferation profile in CD14™ cells (Figure 2A). This tendency was con-
firmed by qRT-PCR amplification (Figure 2B). These findings imply
that EV71 proliferates in CD14™" cells.

EV71 infection modulates the cytokine profile of CD14" cells

Based on previously published data, CD14™ cells are a type of active
immune cell that are capable of modulating both innate and adaptive
immune responses by releasing various cytokines.”>*® Our hypo-
thesis—that EV71 infects and proliferates inside CD14" cells—sug-
gests that EV71 might induce an abnormal inflammatory response in
vivo by interfering with the regulation of the immune response by
CD147 cells. The determination of the cytokine profile of CD14™ cells
isolated from infected animals provided evidence that EV71 interferes
with the immune response. These CD14" cells cultured in vitro pro-
duced higher levels of several cytokines related to immune regulation,
including IL-8, IL-4 and IL-6, compared with the control cells from
normal monkeys (Figure 3A). To confirm this observation, the cyto-
kine levels in the supernatants of cultured CD14™ cells isolated from
normal monkeys and infected by EV71 in vitro were detected by cyto-
metry. The results indicate that higher levels of IL-8, IL-4 and IL-6 are
produced by infected CD14™ cells than by negative control cells
(Figure 3B). Higher IL-6 levels in the blood and CSF are usually
observed in patients with fatal EV71 infections. The data suggest that
IL-8 is in fact involved in inflammatory responses.”” However,
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Figure 1 CD14" monocytes are associated with EV71 infection. (A) Viral loads in various cells or components from the blood of infected rhesus monkeys. Viral RNA
was extracted and measured using the Tagman-based real-time gPCR assay. P values of PBMC and spleen cells vs. serum, RBC and platelets. (B) Confocal
fluorescence microscopy of CD14™ cells and EV71 antigen in PBMCs, trachea, axillary lymph nodes and spleen from EV71-infected neonatal monkeys. (C) Viral
load from CD4*,CD8*,CD14" and CD20™ cells of EV71-infected neonatal monkeys. Viral titer data are shown in IgCCIDsg scale. Pvalue of the viral load of CD14 " cells
vs. the viral load of CD4™ and CD8* cells. Samples were collected from EV71-infected neonatal monkeys (experimental group 1, n=3) atday 5 p.i. Three independent
experiments were performed. RBC, red blood cell; gPCR, quantitative polymerase chain reaction.

whether the upregulation of IL-8 expression in infected CD14™ cells is
related to the pathogenesis of EV71 is not completely clear.

EV71-infected CD14" cells stimulate the proliferation of T
lymphocytes

After the removal of CD20™ cells, the majority of the remaining
CD14" cells are monocytes and partially immature DCs,*® which
are believed to be capable of activating lymphocytes upon exposure
to viral infection.>**° Based on this understanding, we cultured T cells
with the supernatant of EV71-infected CD14 " cells and subsequently
performed T lymphocyte proliferation assays. In parallel, the super-
natants of lipopolysaccharide-stimulated CD14™ cells and non-stimu-
lated (negative) cells were used as controls to determine the impact of
CD14™ cells on T-cell proliferation. The results indicate that the
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supernatant of EV71-infected CD14™ cells has a stimulatory effect
on T lymphocyte proliferation that is equivalent to the effect of the
lipopolysaccharide control relative to the negative control (Figure 4A).
The detection of cytokines in the supernatant of T lymphocytes cul-
tured with the supernatant of EV71-infected CD14™ cells indicated a
significant increase in TNF-o. release after 24 h of culture (Figure 4B).
Additionally, the level of IL-6 release also tended to slightly increase
after 24 h, whereas IL-4 release tended to significantly increase after
48 h and reached its peak at 72 h (Figure 4B). The levels of other
cytokines exhibited no clear differences relative to the levels in the
negative control group (with the supernatant of EV71-infected
CD14" cells and without T lymphocytes) (Figure 4B). These findings
suggest a potential triggering effect of EV71-infected CD14™" cells on T
lymphocyte proliferation.
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Figure 2 Dynamic profile of EV71 proliferation in CD14™ cells in vitro. The proliferation of viruses in CD14™ cells from normal monkeys (experimental group 2, n=3)

measured by virus titration (A) and qRT-PCR assay (B) from 0 to 48 h p.i. in vitro.

EV71-infected CD14™ cells activate a specific immune response
against EV71 infection in vivo

Our results indicate that EV71-infected CD14 ™ cells have the ability to
stimulate T lymphocyte proliferation, which leads directly to the ques-
tion as to whether this T lymphocyte proliferation, exhibited by the
tendency toward a Th2 response, is significant to the specific anti-
EV71 response of the immune system of the monkeys. We decided
to study the potential relationship between EV71-infected CD14™ cells
and the specific immune response in vivo. When comparing the nega-
tive control and the non-donor monkeys in experimental group 2
according to major histocompatibility complex differences, a higher
percentage of cells producing IFN-y was found for the three donor
monkeys back-transfused with EV71-infected CD14™" cells (Figure 5);
however, an IFN-y-specific immune response targeting a specific anti-
genic peptide in EV71 VP1 was not observed within 5 days after the
same quantity of allogeneic EV71-infected CD14™ cells were trans-
fused into non-donor monkeys (Figure 5). These results imply that the
potential function of EV71-infected CD14™ cells in the infection pro-
cess in monkeys is related not only to viral migration to tissues and
organs in the infected monkeys, but also to the activation of the T
lymphocyte response and the subsequent development of an adaptive
anti-EV71 immune response in the monkeys.
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DISCUSSION

EV71, a member of the family Picornaviridae, is known to enter the
human body via the mucosa of the respiratory or intestinal tracts,
where infection is initiated.'>*' The details of EV71 pathogenesis have
remained unclear; however, based on available studies of other enter-
oviruses, the primary site of EV71 proliferation after entry into the
human body is assumed to be the reticuloendothelial system.**?
Furthermore, evidence suggests that EV71 has the ability to infect cells
of the lymphatic system, such as human peripheral blood monocytes**
and immature DCs.'® EV71 receptor studies have demonstrated that
DC-specific intercellular adhesion molecule-3-grabbing non-integrin,
scavenger-II and P-selectin, among other receptors, expressed on the
surfaces of monocytes, lymphocytes, DCs and epithelial cells, are cap-
able of binding specifically to EV71.'*™"® Taken together, these results
suggest that after entry into the respiratory or intestinal tract mucosa,
EV71 is taken up into the microcirculation of local tissues and subse-
quently enters cells via binding to surface-expressed receptors.
Although the details of this biological event require further elucida-
tion, our studies provide additional evidence to support this hypo-
thesis. Similar with the reports of Dr Wang and his colleagues,* we
also found that EV71 can infect PBMCs from rhesus monkeys.
Furthermore, by separating PBMCs into different cell subsets, we
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Figure 3 EV71-infected CD14" cells stimulate cytokine production in vitro. (A) Detection of cytokines in the supernatants of CD14™ cells from EV71-infected monkeys
(n=3) after 24 h of culturing in vitro. Pvalue vs. control group (the supernatants of CD14* cells from normal monkeys after 24 h of culturing). (B) Detection of cytokines

in the supernatants of EV71-infected CD14™ cells after 24 h post-infection in vitro.
culturing). The cytokines (IL-4, IL-6, IL-8, IL-10, TNF-ocand IFN-y) were measured
Three independent experiments were performed.

P value vs. control group (the supernatants of normal CD14™ cells after 24 h of
using BD System kits in accordance with the section on ‘Materials and methods'.
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Figure 4 EV71-infected CD14" cells induce the proliferation of T lymphocytes. (A) The proliferation of T lymphocytes cultured with the supernatants of EV71-infected
CD14™ cells was measured by >H-thymidine. Cultured CD14 ™ cells were infected by EV71 (MOI=1) for 24 h. The supernatants were collected and added into normal T
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the same monkeys. The cytokines (IL-2, IL-4, IL-5, IL-6, TNF-ocand IFN-y) in the supernatants were measured at different time points using BD System kits. Pvalue vs.
control group (the supernatants of EV71-infected CD14™ cells after culturing). Three independent experiments were performed. LPS, lipopolysaccharide.

found EV7l-infected CD14" cells in the respiratory tract mucosal
tissue of EV71-infected neonatal monkeys (Figure 1). Analysis of
PBMCs and lymph nodes harvested at day 5 p.i. by confocal immuno-
fluorescence microscopy further supports the hypothesis that EV71-
infected CD14™ cells enter the cardiovascular and lymphatic systems
(Figure 1). These results suggest that EV71 has the ability to infect
CD14" cells and to subsequently migrate to other target organs or
tissues. In our previous studies of EV71 infection in the neonatal
monkey model, the peak viral load during the EV71 infection process
occurred in the axillary lymph nodes, submaxillary lymph nodes and
lung lymph nodes from days 5 to 8 p.i., during which time viral
viremia develops.® The peak viral loads occur in certain tissues and
organs, such as the CNS and lungs, on day 7 p.i.** This linear variation
in the viral load, increasing with time, provides further support for the
hypothesis that EV71 primarily migrates via the blood. Again, the
detection of EV71 genomes in blood samples taken at day 5 p.i. indi-
cated the presence of EV71 in PBMC:s (Figure 1A). These observations,
taken together, are indicative of EV71 migration via host CD14" cells
throughout the body via circulation in the blood and lymphatic

Group 2

Control Donor Non-donor

3 non-donor monkeys 3 donor monkeys

A
PBMCs

CD14* cell
EV71 infected

EV71-infected CD14* cell

3 non-donor monkeys

systems. The dynamic profile of EV71 proliferation in infected
CD14™ cells cultured in vitro further supports the capacity of EV71
to facilitate proliferation by infecting CD14™ cells (Figure 2). As a
pattern recognition molecule, CD14 has a central role in innate
immunity and is a major hallmark of monocytes and immature
DCs,** which are capable of stimulating and regulating innate and
adaptive immune responses through various pathways.*>*® Our data
suggest that the CD14™" cells modulated the expression profiles of
some cytokines after infection by EV71. Thus, EV7l-infected
CD14™ cells are hypothesized to have the ability to stimulate a T-cell
response. Interestingly, our results indicate that when T cells are cul-
tured with the supernatant of EV71-infected CD14™" cells, the T cells
proliferate and the production of some functional cytokines increases
(Figure 4). Although further research is needed to determine the
detailed mechanism of this process, these results suggest that EV71-
infected CD14™ cells are the basis of one potential pathway for the
stimulation of T cell activation following viral infection.
EV71-infected patients and animals provide evidence that EV71
infection may frequently lead to the increased release of particular
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Figure 5 EV71-infected CD14+ cellsinduced a specific anti-EV71 immune response in monkeys. The CD14™* cells from three normal monkeys were infected by EV71
(MOI=1) in vitro. After 24 h p.i., EV71-infected CD14" cells were transfused either back into the same monkeys or into three non-donor monkeys in experimental
group 2. PBMCs were collected from the transfused monkeys at 5 days post-transfusion. The percentages of cells producing IFN-y in the sera of monkeys were
determined using CFC as described in the section on ‘Materials and methods’. Pvalue vs. positively and negatively stimulated group. Three independent experiments

were performed. CFC, cytokine flow cytometry.
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cytokines, such as IFN-y and/or IL-6, into the blood or cerebrospinal
fluid in infected individuals.”>*” Currently, whether the pathological
changes induced by EV71 infection are actually involved in the immu-
nopathogenic response is unknown. Because EV71 has the ability to
infect CD14™ cells and impart immunological activation and immu-
noregulation capabilities, studying the impact of EV71-infected CD14™
cells on the immune system and the related immune response is of great
importance. The increased proliferation of T cells cultured with the
supernatant of EV71-infected CD14 ™" cells and the significant increases
in TNF-o and IL-6 production are sufficient to indicate that the
immune responses activated by EV71-infected CD14™ cells are biased
toward a Th2 response (Figure 4). Such model is also suggested by some
reports that EV71-infected patients and animals are characterized by an
obvious increase in IL-6 release in the peripheral blood.”” However,
somewhat differing rates of IFN-y release have been reported.”® Thus,
there may be a currently unknown association between EV71-infected
CDI4™ cells and the induced inflammatory response that is closely
related to pathogenesis. Further exploration of this association will
contribute to the overall understanding of EV71 pathogenesis.
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