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ABSTRACT

Background: Tegument protein pp150 of cytomegaloviruses (CMVSs) plays a vital role
in all stages of viral life cycle, representing the most important tegument protein
candidate for HCMV treatment. However, the exact role of pp150 in immune regulation
is yet to be elucidated. Objective: To examine the effects of pp150 on the maturity and
function of murine dendritic cells (DCs). Methods: Maturity status (CD40, CD86, and
MHC-II expression) and phagocytic capacity of DCs (dextran uptake assay) were
characterized. Gene expression profiles of ROR-y, GATA-3, T-bet, and FOXP-3 as well
as the protein expression of INF-y (Thl), IL-4 (Th2), IL-35 (Treg), IL-17A (Th17), IL-
22, TNF-a, IL-6, and IL-2 were evaluated in T cells co-cultured with DCs. Results: A
significant increase in CD40, CD86, and CCR7 expression and a reduction in the
phagocytosis rate were observed in pp150-stimulated DCs compared with unstimulated
DCs. T cells co-cultured with stimulated DCs showed higher expressions of ROR-y, IL-
6, IL-2, IL-17A, IL-22, and TNF-a. Conclusion: Despite improvements in maturity
status, pp150-stimulated DCs does not seem to be able to induce Th1l or Th2 immunity.
In fact, Th17 and its mediators, IL-17A and IL-22, might be the main inflammatory
factors involved in pp150-stimulated DC's action mechanism. However, it is necessary
to conduct further investigations to corroborate these observations.
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The impact of pp150 of DCs

INTRODUCTION

Human Cytomegalovirus (HCMV) belongs to the Herpesviridae family, which
persistently infects individuals and entails deaths in patients following solid organ
transplantations (1). In high risk individuals, HCMV is able to have a lifelong
persistence through controlling the immune system owing to evasion strategies
interfering the host’s immune response. In these patients, primary HCMYV infections are
generally asymptomatic with virus latently persisting throughout life (2). As a persistent
pathogen, HCMV employs a variety of strategies to prevent or postpone the induction of
particular immune responses. Among these, conditions such as acute phase refer to the
ability of HCMV to infect and induce a variety of immune cells, including monocytes,
macrophages, endothelial cells, epithelial cells, and dendritic cells (DCs) as professional
antigen-presenting cells (APCs) (3-5). More importantly, both innate and acquired
immune systems are involved during HCMV infections. Natural killer (NK) cells have a
key role in HCMV infection through recognizing and Killing the infected cells. The
activity of NK and T CD8" cells is highly dependent on the function of DCs and
macrophages (6). DCs play a crucial part in inducing and regulating adaptive immune
responses. Virus infection induces the maturation of DCs, allowing them to
professionally present antigens to T cells to prime and activate immune responses (7).
Nevertheless, HCMV interferes with host immune responses through damaging a
variety of DC functions, exerting a variety of mechanisms, including maturation
inhibition (8,9). Based on previous studies, CMV infection could down-regulate antigen
presentation through MHCs | and Il as well as the lower T-cell-inducing ability of
infected DCs, presumably interfering with cytokine and chemokine production (10-12).
It was shown that CD8" cytotoxic T cells (CTLs) and T helper (Th), as antigen-specific
T cells induced by infected or peptide-pulsed DCs, were able to efficiently induce CD8"
and CD4" mediated responses, thereby providing an important strategy to stimulating T
cells (13,14). Accordingly, these cells have a central role in inhibiting lethal infections
and controlling CMV. T cells generated by stimulation can also play a major role in
controlling CMV and preventing subsequent lethal infections. HCMV tegument
proteins have a pivotal part in all stages of viral life cycle, including entry, gene
expression, immune escape, assembly, and release. The phosphoprotein pp150 is the
most important tegument protein candidate for HCMV treatment (15), hence the need
to utilize peptides for stimulating either CD8* or CD4" T cells (15-17). It is further
suggested that the presentation efficiency of antigens such as HCMV ppl150 antigen
could depend on the early acquisition of viral antigens by immature DC (iDC)
presentation. In addition, more mature DCs result in stronger T cell responses. An
appropriate approach to properly activating such cells is the proper stimulation of DCs.
Of note, HCMV tegument proteins, including ppl50, were demonstrated to be a
potential target for CMV treatment. In the present study, we investigated whether DCs
stimulated with CMV pp150 peptide are able to expand the function and maturity of
DCs.

MATERIALS AND METHODS

Animals and Ethics. Ethics Committee of Tehran University of Medical Sciences
approved all the protocols used in this study (Project No 9021409006). Six-8 week
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female C57BL/6 and BALB/c mice were purchased from Pasteur Institute of Iran. All
mice were housed in a humidity- and temperature-controlled room under a 12h/12 h
light/dark cycle and a standard pelleted diet and bottled tap water. Additionally, all
experiments were carried out in accordance with these approved protocols.

Separation of DCs and CD4* T Cell. We isolated DCs from the spleens of BALB/c
mice in accordance with Moravej et al. (18). In brief, the spleens were chopped and
digested using 1 mg/mL collagenase D (Roche, Germany), and cell suspensions were
layered on Nycodenz (Axis-Shield) solution; the cells were then isolated by a positive
selection magnetic adsorption cell sorting (MACS) procedure using the CD11c Micro
Beads kit (Miltenyi Biotechnology, Germany), based on the manufacturer’s protocols.
CD4* T-cells were isolated from the draining lymph nodes of C57BL/6 mice by a
negative selection MACS method through the use of CD4" T-cell isolation Micro Beads
kit (Miltenyi Biotechnology, Germany). DC and T cell purity was assessed using
specific PE-conjugated anti-CD11c and anti-CD3 antibodies via flow cytometry
analysis.

Recombinant pp150 Antigen. CMV pp150 was commercially obtained from Jena
Bioscience, GmbH, Germany (Cat No: PR-1252). Generated in Escherichia coli and
purified using a chromatogeraphic technique, this synthetic peptide contains
immunodominant regions in amino acids 1011-1048. It is important to note that this
peptide is for in-vitro use only.

Dextran Uptake Test. To assess the ability for soluble antigen uptake as an indicator of
phagocytic activity, DCs (6 x 10° cell/mL) treated with the pp150 antigen (100 ng/mL)
for 1 hour were prepared in RPMI medium (Gibco, USA) consisting of 10% FBS
(Gibco, USA) and 25 mM HEPES (Gibco, USA) in 2 test tubes. Afterwards, freshly-
prepared FITC-Dextran (Sigma, USA) (1 mg/ml) was added. Cells positive for FITC
were identified as cells engulfing dextran and placed at 4°C and 37°C for 1 hour or at
4°C for the negative control. Following incubation, cells were washed twice and
centrifuged at 350 g for 5 minutes at 24°C and then examined by flow cytometry
(FACSCalibur™; BD Biosciences). Results were analyzed by Flowjo software (Flowjo,
Treestar Inc., Ashland, OR, USA), version 7.6.2. The following formula was applied to
measure FITC-Dextran loaded cells: Actual Uptake = MFI of cells incubated at 37°C —
MFI of cells incubated at 4°C. Lastly, data presented the difference in mean
fluorescence intensity (MFI) of DCs following FITC-dextran uptake at 4°C.

Flow Cytometry Analysis of Treated DCs. Using flow cytometry, DCs treated with
ppl150 were analyzed for cell surface expression of markers showing maturation (19).
Cells were stained using antibodies for CD40, CD86, and MHC-II to study DC surface
markers, based on the manufacturer's protocols (Biolegend company, USA). The
surface markers of DCs were measured using flow cytometry by the following
antibodies: PE-conjugated anti-CD11c antibody, FITC-conjugated anti-CD86 antibody,
FITC-conjugated anti-MHC-I11 antibody, and FITC-conjugated anti-CD40 antibody for
DCs.

Analysis of T cell proliferation and allogenic responses by mixed leukocyte
reaction (MLR). In vitro cell proliferation was evaluated by 5-bromo-2'-deoxyuridine
(BrdU) employing the commercial Cell Proliferation ELISA System (Tecan,
Crailsheim, Germany). The pp150-treated DCs were inactivated using irradiation (30
Gy), washed using PBS. pp150-treated DCs (10 cells/mL), and co-cultured with 10°
cells of allogeneic T cells (C57BL/6), as responder cells in 96-well plates. T cell
proliferation was studied utilizing the BrdU method, as mentioned in the previous study
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(20). Briefly, after 1 week, the cultivated cells were subjected to BrdU through the
addition of 10 ml of BrdU solution to the wells; the incubation was continued for more
than 18 hours. Next, media were removed, the cells were fixed, and DNA was denatured
to enhance the accessibility of the incorporated BrdU for detection using antibodies.
After washing, peroxidase-conjugated anti-BrdU antibodies were added to each well
and the plate was incubated at room temperature for 90 minutes. Following three
washes, tetramethyl-benzidine (TMB) substrate was added and the mixtures were
incubated for 15 minutes. Ultimately, sample absorbance was analyzed in a microplate
reader at 450 nm and 690 nm reference wavelengths. Negative controls were allogeneic
T-cells co-cultured with untreated DCs, and culture medium alone was applied as
control for nonspecific binding. DCs stimulated with 100 ng/ml LPS were applied as a
positive control in media containing DMSO (1%) with no other compounds. The
proliferation index (PI) was calculated through dividing the absorbance of the treated
cells by one of the controls. After 48 hours, cultivated T cells were harvested, washed
once with PBS comprised of 0.5% BSA (Invitrogen, USA) and 2 mM EDTA, and
resuspended in 2 ml. Following 48-hour incubation, supernatants were collected to
assess the cytokine levels.

Quantification of Cytokine Levels. MLR supernatants were collected after 48-hour
culture and stored at -20°C. Mouse Th1/Th2/Th17/Th22 13-plex Flow Cytomix
Multiplex kit (eBioscience, USA) was designed to measure mouse IL-1a, IL-2, IL-4, IL-
5, IL-6, IL-9, IL-10, IL-13, IL-17A, IL-17A, IL-21, IL-22, TNF-a, and IFN-y in an
immunoassay analyzed on a flow cytometer (FACS Calibur, BD, USA) according to the
manufacturer’s protocols. Standard curves for all the cytokines were included in each
reaction according to the kit instructions (ranging from 2.7 pg/mL-2000 pg/mL).
Additionally, the level of IL-35 was assessed based on the ELISA method.

Real-Time Quantitative Polymerase Chain Reaction (qQPCR) Assay. Expression of
transcriptional factors such as FoxP-3, GATA-3, ROR-y, T-bet, and CCR7 genes
MRNA was evaluated using real-time PCR. Briefly, total RNAs were extracted using
the TRIzol reagent (Invitrogen, USA), followed by cDNA synthesis kit (Takara, Japan).
To determine PCR efficiency, cONA was diluted and real time was carried out, which
revealed that Real Time PCR efficiency was acceptable for all genes (>95%). eEFlal
was employed as an endogenous control and specific primers for these genes were
designed using Allele 1D software Version 7.5 (Table 1).

Table 1. Specific primers used in this study.

Specific primers Sequence
F:5'- AATAGT TCCT TCCCAGAGT TCT TC -3'

FoxP3 R:5'- ATGGTAGAT T TCAT TGAGTGTCCT -3'
GATA3 F: 5-TCTGGAGGAGGAACGCTAAT-3'
R:5- CGGTTTCGGGTCTGGAT-3'
ROR-y F:5- CCATTGACCGAACCAGCC -3
R:5- GCCAAACTTGACAGCATCTC -3

T-bet F:5-AACCGC TTATAT GTC CAC CCA -3

R:5-TCT CCATCATTC ACC TCC ACG -3
CCR7 F: 5-GAGACAAGAACCAAAAGCACAG -3'

R:5'- GGAAAATGACAAGGAGAGCCA -3
F:5'- AGTCGCCTTGGACGTTCTT-3'

R: 5'- CCGATTACGACGATGTTGATGTG-3'

F: Forward, R: Reverse; a: Elongation factor 1-alpha 1 (eEF1al).

eEF1al? (as Internal Control)
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Comparative real-time PCR using SYBR Green supermix (Parsgenome, Tehran, Iran)
was conducted through the use of real-time PCR machine (ABI step one plus, Applied
Biosystems, USA). Finally, FoxP3, GATA3, ROR-y, T-bet, and CCR7 relative
expression were determined using equation 2724,

Statistical Analysis. Statistical analyses were conducted by GraphPad Prism version
6.00 (GraphPad Software Inc colifornia). Results are presented as mean * standard
deviation (SD) of the mean of a minimum of three independent experiments. To
compare the variables, statistical significance was specified by a multiple comparison t-
test or one-way ANOVA. P-values less than 0.05 were considered to be significant.

RESULTS

Characteristics of Isolated DCs and T Cells.

Following their isolation, DCs and T cells were grown overnight at 37°C. The purity of
DCs and T cells was assayed using anti-CD11c and anti-CD3 with FACS. The presence
of more than 95% surface markers indicated a high purity of these cells (Figure 1).

FL2-H- FL2-H+ FL2-H- FL2-H+
2.16%

CD11c.PE w3 vE

Figure 1. Isolation of DCs and T cells. Isolated DCs and T cells were stained using antibodies
against specific-surface markers (CD11c (A) and CD3 (B), respectively), which were analyzed
using flow cytometry. Histogram analysis of cell surface markers indicates that the purity of
isolated cells is more than 95%, and they are not contaminated by other cell lineages (specific
antibodies: dashed histograms; isotype control antibodies: filled histograms).

Effects of pp150 on the Phagocytosis of Treated DCs.
Evaluation of the phagocytosis capacity of the ppl50-treated DCs showed that
immature DCs could efficiently take up antigens and lose this capacity upon maturation.
As expected, the results of FITC-dextran particle phagocytosis using immature DCs
obtained from pp150- and LPS-treated DCs showed that DCs diminished their capacity
to take up the antigen following LPS induction; this indicates that immature DCs
belonging to ppl50-treated group internalized comparable amounts of the antigen
(18.86 £ 1.1 and 10.86 + 1.45 vs. 38.14 + 2.25) (Figure 2).
ppl50-treated DCs lead to DCs Maturation.
DCs play an essential role in the initiation of adaptive immune response. Levels of
pp150 induced the maturation of DCs when incubated with exposed or unexposed
pp150. Expression of CD40, CD86, MHC-II, and CCR7 surface molecules on DCs was
investigated by flow cytometry and real-time PCR.
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Figure 2. Comparison of the mean fluorescence intensity (MFI) of phagocyted FITC-
conjugated dextran by DCs. The results of FITC-dextran particle phagocytosis showed that
the two groups, pp150 and LPS-treated DCs, decreased their capability to take up antigen than
immature DCs, did differ (p<0.0001), indicating that immature DCs from ppl50-treated group
internalized comparable amounts of antigen (p<0.0001). Cumulative data represent the mean+
SD between the two groups (Student’s t-test) and derived from three independent experiments
(****: p<0.0001).

A significant increase was detected in the expression profiles of CD40 marker and
CD86 molecules in ppl50-treated DCs as compared with cells obtained from non-
treated DCs (13.16 + 2.1 vs. 5.34 £ 2.19 and 32.26 + 3.1 vs. 18.45 + 1.39, respectively)
(Figure 3A and 3B). In addition, the mean expression levels of MHC class 1l molecules
significantly increased in ppl150-treated DCs in comparison with cells obtained from
non-treated DCs (5.82 £ 1.26 vs. 3.21 + 0.45). Furthermore, the MFI of dendritic cells
treated with pp150 was lower than that of untreated dendritic cells. The figure shows
that MFI of dendritic cells treated with LPS was significantly higher than that of
dendritic cells treated with pp150 (Figure 3C). As expected, LPS-treated DCs exhibited
an overexpressed increase in maturation markers. The expression of the CCR7 gene in
ppl50-treated DCs was investigated using real-time PCR. The relative expression of
CCR7 mRNA in pp150-treated DCs was higher than the non-treated group (1.24 £ 1.21
vs. 0.41 + 0.48) (Figure 3D).

Impact of pp150 on T Cell Proliferation in MLR.

To further examine the role of induced DCs in T cell proliferation, we determined
whether pp150-treated DCs could stimulate T cell proliferation in culture compared to
the absence of antigen. When DCs were cultured alone for 5 days, the proliferation of
naive T cells did not differ from pp150-treated DCs (73.24 + 5.25 vs. 103.41 + 4.31).
On the contrary, a vast proliferation occurred in pp150-induced DCs compared with the
only cultured ones. In contrast, when DCs were treated with pp150, a significant
proliferation was generated unlike treatment with LPS as a positive control.
Furthermore, in the presence of LPS, T-cell proliferation was significantly lower than
ppl150-treated DCs in MLRs (103.41 + 4.31 vs. 101.21 £+ 2.01) (Figure 4). This result
indicates that Ag-induced DCs were uniquely able to stimulate T cell proliferation in
vitro.
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Figure 3. The phenotypic characterization of DCs. FACS analysis was performed with
monoclonal antibodies against CD40, CD86, and MHC-Il. A-B) pp150-treated DCs show
significantly expressed CD40 and CD86 higher levels than the non-treated DCs (DCs). C) MFI
of dendritic cells treated with pp150 is lower than that of untreated dendritic cells. The figure
shows that MFI of dendritic cells treated with LPS is significantly higher than that of dendritic
cells treated with pp150. D) The effect of the pp150 antigen on the expression of CCR7 mRNA
in DCs treated with the pp150 antigen investigated by real-time PCR. Expression of CCR7
MRNA is significantly lower than the LPS-treated group. Positive control: treatment with LPS;
negative control: no treatment with antigens. The results represent the mean = standard
deviation of three independent experiments (****: p<0.0001 and **: p<0.01).

Iran.J.Immunol. VOL.17 NO.1 March 2020 32



The impact of pp150 of DCs

© 1.5+ ‘ *
=
= | =
o i i
S 1.0
S
=i
.20.5
=
St
,}_)
OE_ 0.0 T T
Q)Q % ‘\\
& S <&
. » ¢
> N Q
NS O
& N

Figure 4. Effects of ppl50-treated DCs on T-cell proliferation in MLR. Proliferation of
alloreactive T-cells in MLR was assessed by BrdU incorporation. In the presence of LPS, T-cell
proliferation was lower than pp150-treated DCs in MLRs. Moreover, in ppl50-treated DCs, T-
cell proliferation was higher than DCs co-cultured with T cell (no-treated with pp150). The
results present the mean + SD of three independent experiments (***: p<0.001 and *: p<0.05).

Immunomodulatory Effects of ppl50-treated DCs on Treg and Thl17 Cells in
Contrast to Thl and Th2.

The expression levels of Foxp3, GATA-3, ROR-y, and T-bet genes were studied in
MLR by Real-time PCR. Foxp3 expression levels in pp150-stimulated DCs cultured
with T cell were significantly different from non-stimulated DCs cultured with T cell
(0.71 £ 0.31 vs. 1.07 £ 0.67). In addition, Foxp3 expression in LPS-stimulated DCs was
similar to ppl50-stimulated DCs (0.82 £ 1.06 vs. 0.71 £ 2.31) (Figure 5A). Gene
expression profiles of GATA-3 in ppl150-stimulated DCs cultured with T cell revealed
higher levels compared to DCs as a negative control. The expression of GATA-3 in
LPS-stimulated DCs revealed a non-significant difference with LPS-stimulated DCs
(0.85+ 2.1 and 1.34 £ 2.42 vs. 0.79 £ 1.86, respectively) (Figure 5B). In contrast to the
previous gene patterns, higher levels of ROR-y expression were found in pp150-treated
DCs compared with LPS- and untreated DCs influenced by pp150 Ag (1.75 £ 2.7 vs.
1.04 + 1.12 and 0.41 * 1.46, respectively) (Figure 5C). As shown in Figure 5D, non-
stimulated DCs cultured with T cell revealed the reduced expression of T bet compared
to ppl50-treated DCs (0.7 £ 0.34 vs. 0.68 + 0.11). In addition, LPS-stimulated DCs
cultured with T cell had increased T bet expressions in comparison to pp150-stimulated
DCs (1.6 £0.34 vs. 0.68 £ 0.11).

Elevated Secretion of IL-2, IL-6, and IL-17A and Blockage of other pro-
inflammatory Cytokines.

We assessed the immunostimulatory capacity to ensure higher functional activation
levels in DCs when encountering exposed Antigen. Levels of different cytokines in cell
culture supernatant were determined after 48 hours of culture in MLR. A similar pattern
of IL-2, IL-6 and IL-17A secretion was found in the ppl50-treated DC category
compared with untreated DCs group with a statistically significant difference (71.85 +
4.1,120.34 £ 6.42 and 22.64 + 5.42 vs. 0.87 + 2.46 pg/ml, respectively).
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Figure 5. The mRNA expression of Foxp3, GATA3, ROR-y, and T-bet genes in MLR. A)
Foxp3 mRNA expression is significantly lower in the treatment group with pp150 than the non-
treated DCs control, but this level is similar to LPS-stimulated DCs group. B) Gene expression
of GATA3 in pp150-stimulated DCs is not significantly higher than DCs as a negative control. C)
ROR-y expression in pp150-treated DCs is significantly higher than LPS- and non-treated DCs.
D) As shown, non-stimulated DCs cultured with T cell do not have a significantly higher T bet
expression compared to ppl50-treated DCs. (Positive control: treatment with LPS; negative
control: no treatment with antigens). The results show the mean + SD in three independent
experiments (*: p<0.05; **: p<0.01 and ****: p<0.0001).

In addition, elevated levels of IL-17A were detected in the same group compared to
LPS-treated DCs groups and in contrast to other cytokines with a different pattern
(Figure 6 A-C). Various patterns of IL-22, IFN-y, and TNF-a secretion were observed
in the pp150-treated DC category as compared with untreated DCs group (8.35 + 4.1 vs.
0.81 + 0.86, 22.64 £+ 5.42 vs. 38.82 = 2.59 pg/ml, respectively). Upregulated IFN-y
levels existed in the same group compared to LPS-treated DCs groups and contrary to
other cytokines with a different pattern (Figreu 6 D-F). Noteworthy, unlike pro-
inflammatory cytokines, IL-22 and IL-17A only exhibited a pattern of ppl50-treated
DC category similar to LPS- and untreated DCs groups where these cytokines were
upregulated in this cell culture system. These results suggested that an immune
response, characterized by high levels of pro-inflammatory cytokines, might be a
parameter for determining the outcome of different T-cell subset responses. With
respect to other cytokines, IL-1a, IL-4, IL-5, IL-9, IL-10, IL-13, IL-17F, IL-21, and IL-
35 indicated undetectable levels. The cytokines had elevated levels in the LPS-treated
DCs group compared to pp150-treated and untreated DCs groups (8.35 = 4.1 vs. 0.81
0.86, 22.64 £ 5.42 vs. 38.82 + 2.59, respectively).
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Figure 6. Kinetics of inflammatory response by T cell co-cultured with and without pp150,
LPS. ppl50-treated DCs co-cultured with T cell were established in different stimulation
regimens (A-F). Finally, cytokine release assay was performed using an immunoassay analyzed
on a flow cytometer from supernatants. Figures indicate the production of IL-2 (A), IL-6 (B), IL-
17AA (C), IL-22 (D), IFN-y (E), and TNF-a (F). A similar pattern of IL-2, IL-6 and IL-17AA
secretion is shown in the ppl50-treated DCs category compared with non-treated DCs group,
indicating a statistically significant difference. Also, there are elevated levels of IL-17AA in the
same group in comparison to LPS-treated DCs groups, which is in contrast to other cytokines
with a different pattern (A-C). The various patterns of IL-22, IFN-y, and TNF-a secretion are
shown in the pp150-treated DCs category compared with non-treated DCs group. The same
group has upregulated levels of IFN-y compared to LPS-treated DCs groups, contrary to other
cytokines with a different pattern (D-F). Also, as noted, IL-4 and IL-10 levels are undetectable
(data not shown). Data are presented as means + SEM of at least three mice per group from
one of two independent experiments; significant values were calculated by unpaired, two-tailed
Student's t test ;(****: p<0.0001; ***: p<0.001).

DISCUSSION

This study evaluated the effect of HCMV pp150 recombinant protein on the function
and maturity of DCs. To this end, DCs were primarily treated with pp150 antigen, and
their maturation was then evaluated using co-stimulatory molecule expression. We
further assessed the capacity of DCs to shift the proliferation and differentiation of T
cells. Our findings showed that DC phagocytosis in the group treated with pp150 was
lower than the negative group. Generally, relatively immature DCs have to not only
phagocytose antigens, undergo a coordinated alteration in the expression of MHC,
chemokine receptors, adhesion, and co-stimulatory molecules, but also migrate from the
peripheral tissue to the draining lymph nodes (21). Therefore, pp150-treated DCs must
have a higher phagocytic ability compared with mature DCs because this event is a
maturation marker which also shows that the ppl50 antigen could induce DC
maturation. Additionally, there was a decrease in the cell surface markers required for
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viral antigen uptake. Our findings are consistent with a previously-published study
where CMV-infected mature DCs reduced the levels of cell surface markers required for
phagocytosis (22). We also investigated the co-stimulatory molecules such as CDA40,
CD86 and MHC-11, and CCR7, as DC migration factor, in lymphoid tissues. Our results
revealed that the presence of CD40 and CD86 molecules in the group treated with the
ppl50 antigen was significantly higher than the negative group and lower than the
positive group. It can be concluded that the pp150 antigen results in the induction of DC
maturation and proliferates T cells through their stimulation (9,10). Additionally, the
increased number of these co-stimulatory molecules indicated DC activation, leading to
the production of mature and active DCs; this was indicated in previous studies which
reported that DCs increased following CMV infection (22,23). Moreover, there is a
general consensus that T cell co-stimulatory molecules, including CD40, CD80 and
CD86, and MHC classes | and Il are downregulated on the surfaces of immature DCs
following HCMV infection; however, this effect possibly depends on the infection time,
which is consistent with pp150-treated immature DCs in our study (24,25). Previous
studies have suggested that immature DCs have fewer co-stimulatory molecules, also in
line with our findings (26). Wang et al. (2009) proved that MCMYV either induces
inflammatory cytokines or positively regulates CD80 and CD86 on mature DCs (27).
Notably, the exposure of cells to the NF-kB peptide inhibited MCMYV infection and
reduced the induction of cytokines as well as CD80 and CD86 molecules (22). In the
current study, MHC-I1 molecule levels increased in the group treated with pp150 as
compared with the non-treated group. It can be concluded that increased levels of MHC-
Il in the group treated with the ppl50 antigen is independent of IFN-y. This is in
accordance with a previous study carried out by Takei et al. (28) and inconsistent with
the results of Heise et al. (29). Mobilization of DCs in to lymphatic vessels requires
cytokine stimulation and induction of the chemokine receptor CCR7. The CCRY
molecule is considered as the most important marker for DC migration to lymph tissue
to provide antigens for T cells (30). Our results showed that CCR7 expression was
higher in the treatment group. This indicates that in addition to DC maturation with
increased co-stimulatory molecules, pp150 led to the expression of DC migration
molecules to lymphoid tissues; in fact, this event improved the DC maturation (22)
owing to the increased level of costimulatory molecules in DCs and the reduced
phagocytic capacity with pp150 antigen treatment. Our results also showed that the T
cell proliferation in the treatment group was higher than no-treatment group. This
finding indicated that mature DCs resulting from treatment with pp150 might lead to T
cell proliferation, which is in line with the results of Wagner et al. (27). T cell
proliferation can be carried out by both the activity and confrontation of DCs and the
secretion of different cytokines through different types of T cells. For this, we studied
the ability of DCs to express transcription factor molecules such as Th1, Th2, Th17, and
Treg. The FoxP3 transcription factor is the Treg differentiation factor (31) and
regulatory T cells (Treg) were shown to contribute to the immune-mediated control of
acute MCMYV infection (32). In our study, DCs treated with the pp150 antigen were
unable to augment the expression of FoxP3 in T cells; however, pp150-treated group
and the non-treated group were significantly different regarding the FoxP3 expression.
Such findings suggested that the pp150 antigen might not result in Treg induction and
not be able to change tolerogenic DCs that can inactivate or convert T cells to Treg
cells. In agreement with our results, Weinberg et al. reported that the activity of Treg
cells was related to the production of FoxP3 (33). Of note, Almanan et al. (2017)
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observed latent CMV reactivation was controlled by regulatory T cells, hence their
regulatory role in HCMV infection. Treg is not generally induced after immunity
induction with dominant viral antigens (34). Another study revealed that Treg was less
effective at the beginning of HCMV infection (35). A study conducted in 2014 showed
that Treg cells containing FoxP3 cells existed in the bone marrow of individuals
following transplantation with stem cells, implying the role of these cells in
immunotherapy (36). It can be concluded that DCs treated with viral antigens failed to
differentiate in to proliferative DCs that yield further IL-10 and can differentiate T cells
into Treg with more IL-10. The lack of Th2 immunity induction as with IL-4 secretion
after exposure to pp150 implies that pp150 could not induce differentiation, GATA3
expression, activation of Th2 cells, and IL-4 production. A study reported a large
number of GATAS3-containing cells in the first two days of HCMV infection but
significantly reduced numbers in the following days (37). A study performed by
Duechting et al. in 2017 showed the delayed activity of Th2 cells against CMV
infection as compared with Thl and Thl7 cells (38). Nonetheless, the reason for the
absence of Th2 cell differentiation is the low concentration of pp150. Consistent with
that study, our research revealed that the level of Th2 cytokines was not detectable; also,
it might be better to examine the level of these cytokines over time periods longer than
the infection so as to demonstrate their role in CMV infection. The ROR-y factor is the
Th17 differentiation factor (39). Prior reports have indicated that Th17 plays a major
role in inflammatory events such as immunological responses mediated by DCs (40-42).
Our results showed that DCs treated with pp150 co-cultured with T cells were able to
augment ROR-y expression in T cells in MLR, implying that Th17 production is the
main factor. On the other hand, elevated IL-22 levels, as selectively expressed by Th17
cells, play a crucial role in organizing several different tissues, could be the major role
of Th17 in induced immunity using pp150-treated DCs (43). These findings showed that
pp150 led to Th17 induction, indicating the possible role of Th17 cells in HCMV
inflammatory immunity (44). Interestingly, no increase was found in T-bet expression
in the presence of pp150, suggesting that pp150 could not induce Th1l cells; moreover,
no increase was observed in the IFN-y cytokine levels in the presence of pp150; our
results revealed that the level of TNF-a, IL-2, IL-6, IL17A, and IL-22 increased in DCs
treated with T cells. Thl cells generate IL-2 and IFN-y, but the low levels of Thl-type
cytokines, particularly IFN-y upon induction with CMV-pp150 antigens, were related to
reduced cell-mediated immunity to HCMV (45). Because Th1l responds by producing
IFN-y, it is critical in the defense against viral infection; however, based on our finding,
the role of Thl producing IFN-y needs to be described in the prevention of HCMV
infection. Based on our findings, it can be concluded that treatment of DCs with pp150
results in the phenotypic and functional maturation of DCs. In addition, pp150 could
induce the differentiation and functional activity of the Th17-related cellular immunity,
which is better characterized by in-vivo studies. Despite the role of IFN-y as a major
Th1l response, treatment of DC with ppl50 could induce IFN-y production;
Accordingly, these data could not support the hypothesis that DCs treated with pp150
induce IFN-y by Thl regulation.

Iran.J.Immunol. VOL.17 NO.1 March 2020 37



Nikmanesh Y, et al.

ACKNOWLEDGEMENTS

This study was funded by Tehran University of Medical Sciences (grant No. 94-03-27-
30113) and Transplant Research Center, Shiraz University of Medical Sciences (grant
No. 93/204). We would like to thank Dr. Meghdad Abdollahpour-Alitappeh and Dr.
Mohammad Shayestehpour, for their helpful comments and contributions during this

work.
REFERENCES

1. Ramanan P, Razonable RR. Cytomegalovirus infections in solid organ transplantation: a review.
Infect Chemother. 2013; 45:260-71.

2. Schottstedt V, Blimel J, Burger R, Drosten C, Groner A, Gdlrtler L, et al. Human
cytomegalovirus (HCMV)-revised. Transfus Med Hemother. 2010; 37:365-375.

3. Le Roy E, Baron M, Faigle W, Clément D, Lewinsohn DM, Streblow DN, et al. Infection of
APC by human cytomegalovirus controlled through recognition of endogenous nuclear
immediate early protein 1 by specific CD4+ T lymphocytes. J Immunol. 2002; 169:1293-301.

4, Varani S, Landini MP. Cytomegalovirus-induced immunopathology and its clinical
consequences. Herpesviridae. 2011; 2:6.

5. Hanley PJ, Bollard CM. Controlling cytomegalovirus: helping the immune system take the lead.
Viruses. 2014; 6:2242-58.

6. Horowitz A, Guethlein LA, Nemat-Gorgani N, Norman PJ, Cooley S, Miller JS, et al.
Regulation of adaptive NK cells and CD8 T cells by HLA-C correlates with allogeneic
hematopoietic cell transplantation and with cytomegalovirus reactivation. J Immunol. 2015;
195:4524-36.

7. Pasqual G, Chudnovskiy A, Tas JM, Agudelo M, Schweitzer LD, Cui A, et al. Monitoring T
cell-dendritic cell interactions in vivo by intercellular enzymatic labelling. Nature. 2018;
553:496.

8. ROlle A, Olweus J. Dendritic cells in cytomegalovirus infection: viral evasion and host
countermeasures. APMIS. 2009; 117:413-26.

9. Schneider K, Meyer-Koenig U, Hufert FT. Human cytomegalovirus impairs the function of
plasmacytoid dendritic cells in lymphoid organs. PLoS One. 2008; 3:3482.

10. Moutaftsi M, Mehl AM, Borysiewicz LK, Tabi Z. Human cytomegalovirus inhibits maturation
and impairs function of monocyte-derived dendritic cells. Blood. 2002; 99:2913-21.

11. Grigoleit U, Riegler S, Einsele H, Sampaio KL, Jahn G, Hebart H, et al. Human cytomegalovirus
induces a direct inhibitory effect on antigen presentation by monocyte-derived immature
dendritic cells. Br J Haematol. 2002; 119:189-98.

12. Nopora K, Bernhard CA, Ried C, Castello AA, Murphy KM, Marconi P, et al. MHC class |
cross-presentation by dendritic cells counteracts viral immune evasion. Front Immunol. 2012;
3:348.

13. Heine A, Grinebach F, Holderried T, Appel S, Weck MM, Dérfel D, et al. Transfection of
Dendritic Cells with in Vitro-Transcribed CMV RNA Induces Polyclonal CD8+- and CD4+-
Mediated CMV-Specific T Cell Responses. Mol Ther. 2006; 13:280-8.

14. Arrode G, Boccaccio C, Abastado JP, Davrinche C. Cross-presentation of human
cytomegalovirus pp65 (UL83) to CD8+ T cells is regulated by virus-induced, soluble-mediator-
dependent maturation of dendritic cells. J Virol. 2002; 76:142-50.

15. Bogdanow B, Weishach H, von Einem J, Straschewski S, Voigt S, Winkler M, et al. Human
cytomegalovirus tegument protein pp150 acts as a cyclin A2-CDK-dependent sensor of the host
cell cycle and differentiation state. Proc Natl Acad Sci U S A. 2013; 110:17510-5.

16. Harcourt GC, Scriba TJ, Semmo N, Bounds S, Taylor E, Klenerman P. Identification of key
peptide-specific CD4+ T cell responses to human cytomegalovirus: implications for tracking
antiviral populations. Clin Exp Immunol. 2006; 146:203-10.

17. Li Pira G, Bottone L, Ivaldi F, Tagliamacco A, Fiordoro S, Ricciardi A, et al. Generation of

Cytomegalovirus (cmv)-specific Cd4 T Cell Lines Devoid of Alloreactivity, by Use of a Mixture

Iran.J.Immunol. VOL.17 NO.1 March 2020 38



18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

The impact of pp150 of DCs

of Cmv-phosphoprotein 65 Peptides for Reconstitution of the T Helper Repertoire. J Infect Dis.
2005; 191:215-26.

Moravej A, Karimi MH, Geramizadeh B, Azarpira N, Zarnani AH, Yaghobi R, et al.
Mesenchymal stem cells upregulate the expression of PD-L1 but not VDR in dendritic cells.
Immunol Invest. 2017; 46:80-96.

Abdollahpour-Alitappeh M, Hashemi Karouei SM, Lotfinia M, Amanzadeh A, Habibi-Anbouhi
M. A developed antibody-drug conjugate rituximab-vcMMAE shows a potent cytotoxic activity
against CD20-positive cell line. Artif Cells Nanomed Biotechnol. 2018; 46:1-8.

Amirghofran Z, Ahmadi H, Karimi MH, Kalantar F, Gholijani N, Malek-Hosseini Z. In vitro
inhibitory effects of thymol and carvacrol on dendritic cell activation and function. Pharm Biol.
2016; 54:1125-32.

Byrne SN, Halliday GM. Phagocytosis by dendritic cells rather than MHC I1 high macrophages
is associated with skin tumour regression. Int J Cancer. 2003; 106:736-44.

Hertel L, Lacaille VG, Strobl H, Mellins ED, Mocarski ES. Susceptibility of immature and
mature Langerhans cell-type dendritic cells to infection and immunomodulation by human
cytomegalovirus. J Virol. 2003; 77:7563-74.

Wagner CS, Walther-Jallow L, Buentke E, Ljunggren HG, Achour A, Chambers BJ. Human
cytomegalovirus-derived protein UL18 alters the phenotype and function of monocyte-derived
dendritic cells. J Leukoc Biol. 2008; 83:56-63.

Sinclair J. Manipulation of dendritic cell functions by human cytomegalovirus. Expert Rev Mol
Med. 2008; 10:e35.

Gerna G, Percivalle E, Lilleri D, Lozza L, Fornara C, Hahn G, et al. Dendritic-cell infection by
human cytomegalovirus is restricted to strains carrying functional UL131-128 genes and
mediates efficient viral antigen presentation to CD8+ T cells. J Gen Virol. 2005; 86:275-284.
Beck K, Meyer-Koénig U, Weidmann M, Nern C, Hufert FT. Human cytomegalovirus impairs
dendritic cell function: a novel mechanism of human cytomegalovirus immune escape. Eur J
Immunol. 2003; 33:1528-38.

Wang X, Chen DG. Recombinant murine cytomegalovirus vector activates human monocyte-
derived dendritic cells in a NF-xB dependent pathway. Mol Immunol. 2009; 46:3462-5.

Takei Y, Sims TN, Urmson J, Halloran PF. Central role for interferon-y receptor in the
regulation of renal MHC expression. J Am Soc Nephrol. 2000; 11:250-61.

Heise MT, Pollock JL, O'Guin A, Barkon ML, Bromley S, Virgin IV HW. Murine
cytomegalovirus infection inhibits IFNy-induced MHC class Il expression on macrophages: the
role of type I interferon. Virology. 1998; 241:331-44.

Munoz MA, Biro M, Weninger W. T cell migration in intact lymph nodes in vivo. Curr Opin
Cell Biol. 2014; 30:17-24.

Hill JA, Feuerer M, Tash K, Haxhinasto S, Perez J, Melamed R, et al. Foxp3 transcription-
factor-dependent and-independent regulation of the regulatory T cell transcriptional signature.
Immunity. 2007; 27:786-800.

Duppach J, Francois S, Joedicke JJ, Dittmer U, Kraft AR. Expanded regulatory T cells in
chronically friend retrovirus-infected mice suppress immunity to a murine cytomegalovirus
superinfection. J Virol. 2014; 88:13892-6.

Weinberg A, Bosch R, Bennett K, Tovar-Salazar A, Benson CA, Collier AC, et al. Regulatory T
cells and the risk of CMV end-organ disease in patients with AIDS. J Acquir Immune Defic
Syndr. 2014; 66:25-32.

Almanan M, Raynor J, Sholl A, Wang M, Chougnet C, Cardin RD, et al. Tissue-specific control
of latent CMV reactivation by regulatory T cells. PLoS Pathog. 2017; 13:e1006507.

Xu J, Wu R, Xiang F, Kong Q, Hong J, Kang X. Diversified phenotype of antigen specific CD8+
T cells responding to the immunodominant epitopes of IE and pp65 antigens of human
cytomegalovirus. Cell Immunol. 2015; 295:105-11.

Samuel ER, Beloki L, Newton K, Mackinnon S, Lowdell MW. Isolation of highly suppressive
CD25+ FoxP3+ T regulatory cells from G-CSF-mobilized donors with retention of cytotoxic
anti-viral CTLs: application for multi-functional immunotherapy post stem cell transplantation.
PLo0S One. 2014; 9:e85911.

Pita-Lopez ML, Gayoso I, DelaRosa O, Casado JG, Alonso C, Mufioz-Gomariz E, et al. Effect
of ageing on CMV-specific CD8 T cells from CMV seropositive healthy donors. Immun Ageing.
2009; 6:11.

Iran.J.Immunol. VOL.17 NO.1 March 2020 39



38.

39.

40.

41.

42.

43.

44,

45,

Nikmanesh Y, et al.

Duechting A, Przybyla A, Kuerten S, Lehmann PV. Delayed activation Kinetics of Th2-and
Th17 cells compared to Th1 cells. Cells. 2017; 6. pii:E29.

Ruan Q, Kameswaran V, Zhang Y, Zheng S, Sun J, Wang J, et al. The Th17 immune response is
controlled by the Rel-RORy—RORyT transcriptional axis. J Exp Med. 2011; 208:2321-33.
Ebrahimnezhad S, Amirghofran Z, Karimi MH. Decline in immunological responses mediated
by dendritic cells in mice treated with 18a-glycyrrhetinic acid. Immunol Invest. 2016; 45:191-
204.

Baharlou R, Ahmadi-Vasmehjani A, Davami MH, Faraji F, Atashzar MR, Karimipour F, et al.
Elevated levels of T-helper 17-associated cytokines in diabetes type | patients: indicators for
following the course of disease. Immunol Invest. 2016; 45:641-51.

Baharlou R, Atashzar MR, Vasmehjani AA, Rahimi E, Khoshmirsafa M, Seif F, et al. Reduced
levels of T-helper 17-associated cytokines in the serum of patients with breast cancer: indicators
for following the course of disease. Cent Eur J Immunol. 2016; 41:78-85.

Patel DD, Kuchroo VK. Th17 cell pathway in human immunity: lessons from genetics and
therapeutic interventions. Immunity. 2015; 43:1040-51.

Tan YF, Yu SJ, Wang J, Li SJ. Role of Treg/Thl7 balance in the pathogenesis of
cytomegalovirus infection. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. 2012; 28:649-51.

Essa S, Pacsa A, Raghupathy R, Said T, Nampoory MR, Johny KV, et al. Low levels of Thl-
type cytokines and increased levels of Th2-type cytokines in kidney transplant recipients with
active cytomegalovirus infection. Transplant Proc. 2009; 41:1643-7.

Iran.J.Immunol. VOL.17 NO.1 March 2020 40



