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Abstract

Background: Deficient interferon (IFN)-a production of plasmacytoid DCs (pDCs) from HIV-1-infected individuals
in response to virus or toll-like receptor (TLR) stimulation has been reported. pDCs express TLR7 and TLR9, but
whether and how the TLR pathway contributes to the deficiency has not been well addressed.

Methods: Twenty-six subjects with HIV-1 infection were recruited from a chronic HIV-1 infection (CHI) cohort of men
who have sex with men (MSM) and 15 HIV-1 negative healthy MSM were used as normal controls (NCs). Maturation
markers (CD80, CD86, CD83, CD40, CCR?7), TLR7 and TLR9, nuclear factor kB (NF-kB) and interferon regulatory
factor 7 (IRF7) expression were detected using surface and intracellular multicolor flow cytometry. Intracellular IFN-a
production of pDCs was measured in response to R848 (TLR7 agonist) and ODN2216 (TLR9 agonist), respectively.

Results: IFN-a production of pDCs with treatment of R848, but not ODN2216, from MSM with CHI was significantly
lower than that of NCs. There was no significant difference in maturation marker expression between MSM with
CHI and NCs. The expression of TLR7 and TLR9 on pDCs of MSM with CHI was significantly up-regulated. The
expression of IRF7, a downstream signaling protein in the TLR7/9 signaling pathway, was significantly down-regulated
as compared with that of NCs. NF-kB expression of pDCs of MSM with CHI were similar to that of NCs.

Conclusions: These results indicated that decreased IRF7 expression might contribute to deficient IFN-a
production in MSM with CHI, suggesting efforts to increase the expression of IRF7 might resume the function of pDCs

in individuals with CHI.
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Abbreviation: HIV-1: Human Immunodeficiency Virus Type 1;
CHI: Chronic HIV-1 Infection; PDCs: Plasmacytoid Dendritic Cells;
IFN-a: Interferon-a; TLR: Toll-like Receptor; TLR7: Toll-like Receptor
7; TLR9: Toll-like receptor 9; IRF7: Interferon Regulatory Factor 7;
NF-kB: Nuclear factor kB; NCs: Normal Controls; MSM: Men Who
Have Sex With Man; PBMC: Peripheral Blood Mononuclear Cells; ICS:
Intracellular Staining; SEM: Standard Error of the Mean

Introduction

Plasmacytoid dendritic cell (pDC), a subset of dendritic cells, is the
major interferon (IFN)-a producing population and acts as sentinels
for viral infection [1,2]. It was reported that IFN-a production of
pDC correlated inversely with HIV-1 viral loads and were prognostic
for the onset of opportunistic infections (OI) [3-7]. HIV-1 infected-
patients with depleted CD4*T cell counts but in normal IFN-a response
remained free of these OI [4]. Even though IFN-stimulated genes are
reported to be up-regulated in vivo in chronic HIV-1 infection [8], in
vitro stimulation by TLR7 or TLR9 ligands results in lower levels of
IFN-a production in individuals with chronic HIV-1 infection (CHI) as
compared to that in normal controls [9-13]. However, elite controllers
and long-term non-progressors showed elevated IFN-a production
[14]. These findings suggested an important role for IFN-a'pDC in
HIV-1 infection, but the underlying mechanism for the functional
deficiency of pDC in CHI is still less clear.

In the present paper, we chose to study the phenotypic markers
and TLR7/9 signaling pathways of pDCs in men who have sex with
man (MSM) with CHI. Our study suggests that the decreased IFN-a
production of pDCs after TLR7 stimulation may be due to the down-
regulated expression of IRF7.

Materials and Methods

Subjects

Twenty-six MSM with CHI were enrolled from the HIV-1-infected
MSM cohort established by China Medical University and several
provincial Centers for Disease Control and Prevention. These subjects have
been infected for more than two years. None of the study subjects were
under highly active antiretroviral therapy or co-infected with the hepatitis
B or C virus before sample collection. Fifteen age-matched, healthy and
HIV-1-negative MSM were selected randomly from an MSM cohort in
Liaoning Province, Northeast China [15] and were used as normal controls
(NCs) (Table 1). None of the total subjects self-reported injection drug use.
Three cases (11.5%) out of 26 HIV-1-infected MSM had self-reporting
history of the rush poppers use, and two cases (13.3%) did among NCs.

CD4'T cell counts were measured using a FACSCalibur flow
cytometer (BD Bioscience, San Jose, CA, USA). Plasma HIV-1 viral
loads were determined by using a standardized RT-PCR assay (COBAS
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Variable CHI (n=26) NCs (n=15)
Age, years, median (IQR) 30(26.0-33.25) 25 (23.75-31.75)
HIV-1 subtype of A/E 23 (88.5%) NA
Estimated infection time, years, median (IQR) 4 (3-6) NA

CD4+ T-cell counts, cells/pl, median (IQR) 417.5 (357-606) 951 (780.5-1150.25)
HIV-1 RNA load, Ig copies/ml, median (IQR) 4.26 (3.86-4.58) NA

Data are no. (%) of subjects, unless otherwise indicated.
CHI: Chronic HIV-1 Infection; NCs: Normal Controls; IQR: Interquartile Range; NA:
Not Applicable.

Table 1: Characteristics of subjects with CHI and HIV-1 negative controls.

Amplicor, HIV-1 Monitor Test Version 2.0, Roche Diagnostics). The
detection range was 40-10” copies/ml and the HIV-1 load less than the
lower limit of detection was considered to be 40 copies/ml. Peripheral
blood mononuclear cells (PBMCs) isolated from EDTA-coagulated
blood of subjects were stored in liquid nitrogen. The study protocols and
informed consent forms were approved by the Ethical Review Board
of the First Hospital of China Medical University and the informed
consent was obtained from all study subjects.

Flow cytometry analysis

The fluorescent monoclonal antibodies (mAbs) of lineagel (CD3,
CD14, CD16, CD19, CD20, CD56)-FITC, CD40-APC, CD83-PE, CCR7-
PE, NF-xB-PE, TLR7-PE, IRF7-PE, TLR9-APC were purchased from
Becton Dickinson (BD), USA. The fluorescent mAbs of HLA-DR-APC-
CY7, CD123-PE-CY7, CD80-APC, and CD86-PE were obtained from
BioLegend, USA. IFN-a-APC was obtained from Miltenyi Biotec, Germany.
IgGl or IgG2a isotype was included in the assays as negative controls. At least
200,000 events were acquired for each sample and rare event analysis was
conducted by on an LSRII cytometer (BD company, USA) using FACSDiva
software. The region P1 was drawn to include lymphocytes and monocytes,
excluding granulocytes (Supplementary Figure 1). The region P2 was gated
tightly on lineage1 /HLA-DR* cells and the CD123* population in P3 region
was identified as pDCs. Gated from the region P3, the region P4 was CD83",
CD86" pDCs (Supplementary Figure 1), or IFN-a*, TLR9*, NF-kB* or IRF7*
pDCs (Supplementary Figure 2). The region P5 gated from the region P3
was CD40*, CD80%, or CCR7* pDCs (Supplementary Figure 1), or TLR7*
(Supplementary Figure 2).

A unstimulation B R848 c ODN
—_— .
’ p=0.697 2 « p=0012 1 p=0.635
. _ . _
< 8 ® 151 . s
% ’ Y . - 10 =
Q n Q P [ ] Q
Qg4 . 2 104 - 2 . a
5 [
: EE.:. "eat 2 _:E anat s ‘e .
z J ﬁ. Z 5] [ -4 - -
w? [0 4 L * H & %
at Spgn . = T T ..o. L
0 ?O I!.I 0 ?O .... 0 c’. ...-..
¥ & . & . &

Figure 1: Reduced IFN-a production of pDCs stimulated with R848 in subjects with CHI as compared with NCs.

Significant decrease in IFN-a production was observed in pDCs stimulated with TLR7 agonist (R848) from individuals with CHI as compared with in NCs (p=0.012), while
there was no significant difference between CHI subjects and NCs when TLR9 agonist (ODN2216) was used (p=0.635). We also measured IFN-a production without
stimulation and found no statistical differences between CHI subjects and NCs (p=0.697). The data was displayed as mean with SEM.
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Figure 2: Increased TLR7 and TLR9 and decreased IRF7 expression of pDCs in subjects with CHI.

pDCs in individuals with chronic HIV-1 infection expressed higher levels of TLR7 and TLR9 than did normal controls (p=0.027 and p=0.031, respectively) (Fig. 2 A and
B). The downstream signaling component IRF7 was significantly down-regulated as compared to normal controls (p=0.014) (Fig. 2D). However, expressions of NF-kB
were similar between the HIV-1-infected subjects and the normal controls (p=0.838) (Fig. 2C). The data was displayed as mean with SEM
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Surface and intracellular staining of pDCs

Cryopreserved PBMCs from subjects were thawed at 37°C,
washed twice, and resuspended in media before staining. To detect the
expression of CD80, CD86, CD83, CD40 and CCR7 on the surface of
pDCs, the following fluorescent mAb combinations were used: Lin-1/
HLA-DR/CD123/CD40/CD83, Lin-1/HLA-DR/CD123/CD80/CDS86,
and Lin-1/HLA-DR/CD123/CCR7.

For intracellular staining (ICS), PBMCs stained with lineagel,
HLA-DR and CDI123 was permeabilized with PermBuffer I (BD
Biosciences) for 20 minutes at 4°C. The cells were then stained with
TLR7, TLRY, NEF-kB, IRF7 and IFN-a for 30 minutes at 4°C, fixed and
analyzed by flow cytometry. For measurement of IFN-a production in
response to TLR stimulation, 2x10° PBMCs/mL were treated with 10
uM R848 (Invivogen, USA) [1] or 5 uM ODN2216 (Invivogen, USA)
for 6 hours in the presence of brefeldin A (BFA, BD, USA).

Statistical analysis

Data were analyzed by using GraphPad Prism 5 software (GraphPad
Software, La Jolla, CA). Independent t test were used to analyze normally
distributed continuous variables between two groups. Mann-Whitney
U test was used for analysis of non-normally distributed continuous
variables. A p value <0.05 were considered to be statistically significant.

Results

Deficient IFN-a production of pDC in subjects with CHI in
response to TLR7 but not TLR9 stimulation

Cryopreserved PBMCs from MSM with CHI and NCs were
stimulated using ligands of TLR7 (R848) and TLR9 (ODN2216),
respectively. The production of IFN-a in response to TLR7 agonist
stimulation was compared between MSM with CHI and NCs. We
found that the frequencies of IFN-a'pDCs in stimulation of TLR7 with
R848 were significantly decreased in chronically infected MSM (mean
4.38%; SEM, 0.56%) as compared to that in NCs (mean, 8.56%; SEM,
1.44%) (p=0.012). Following TLRY stimulation with ODN2216, IFN-a
production of pDCs in CHI was normal (mean, 2.91%; SEM, 0.47%)
as compared to that in NCs (mean, 2.96%; SEM, 0.56%) (p=0.635).
We also measured the IFN-a production of unstimulated pDCs. We
observed very low level of IFN-a*pDCs in the absence of simulation
and no statistical differences between the HIV-1-infected MSM and
NCs (p=0.697) (Figure 1).

No difference between phenotypic markers of pDCs in
individuals with CHI and NCs

Since the phenotypic status also affected the IFN-a production of
pDCs [10], the activation markers on pDCs were analyzed. We found
no difference between the expressions of CD40 in chronically HIV-1
infected individuals and normal controls (p>0.05), and there was no
significant correlation between CD40 expression and IFN-a production
following TLR7 or TLR9 stimulation (p>0.05). Expressions of CD80,
CD83, CD86, CCR7 on pDCs were similar in individuals with CHI and
normal controls (p>0.05). We find no significant correlation between
IFN-a production and the expression of phenotypic markers (Table 2).

Up-regulated TLR7 and TLR9 expression of pDCs in CHI

As TLR7 and TLRY, expressed by pDC, play an important part
on pDC function [16], we evaluated expressions of TLR7 and TLR9
to see whether their expression could regulate the deficient IFN-a
production in our study population. The pDCs in individuals with CHI

Variables CHI NCs P value
CD40+pDCs%, median (IQR) 2.7 (1.25-10.37) = 3.7 (0.72-19.05) = 0.77
CD80+pDCs%, median (IQR) 7.15(1.77-14.87)  9.75 (5.42-20.15) | 0.75

CD83+pDCs%, median (IQR) 1.4(0.72-96) | 0.7(0.35-222) | 0.17
CD86+pDCs%, median (IQR) 0.45 (0-1.6) 0.3 (0-1.15) 0.58
CCR7+pDCs%, median (IQR) 0.55 (0-0.97) 0.85(0-2.45)  0.42

IQR: Inter Quartile Range. Use the Spearman rank correlation coefficient method.

Table 2: Comparison of maturation marker expression on pDCs between MSM
with CHI and NCs.

Variables IFN-a+pDCs% (R848) IFN-a+pDCs% (ODN2216)
r p value r p value
CD40+pDCs% -0.42 0.08 0.17 0.48
CD80+pDCs% -0.41 0.09 0.29 0.24
CD83+pDCs% -0.30 0.23 0.36 0.14
CD86+pDCs% 0.00 0.99 -0.01 0.96
CCR7+pDCs% -0.08 0.74 0.12 0.64

Table 3: Correlation of maturation marker expression with IFN-a production of pDC
induced by TLR7 and TLR 9 agonists in MSM with

expressed higher levels of TLR7 (mean, 78.87%; SEM, 4.76%) and TLR9
(mean, 77.44%; SEM, 4.43%) than did normal controls (mean, 63.79%;
SEM, 5.96% versus mean, 62.47%; SEM, 5.69%; p=0.027 and p=0.029,
respectively) (Figure 2A and 2B). Our above observations that similar
and low IFN-a production in unstimulated pDC from controls and
HIV infected groups (Figure 1A) as well as upregulated TLR 7 and 9
expressions in HIV infected group (Figure 2A and 2B) led us to further
examine the downstream signaling proteins IRF7 and NF-kB, which are
regarded to directly regulate IFN-a production [17].

Down-regulated IRF7 expression and similar NF-xB

expression of pDCs in CHI

Since TLR7 and TLRY expression seemed not to be responsible for
deficiencies in IFN-a production, we further examined the downstream
signaling proteins IRF7 and NF-kB, which are regarded to directly
regulate IFN-a production [18].

We found that IRF7'pDC% was significantly decreased in
individuals with CHI (mean, 38.72%; SEM, 3.96%) as compared to NCs
(mean, 55.32%; SEM, 4.63%) (p=0.014) (Figure 2D), while the NF-kB
expression was similar to NCs (mean, 4.56%; SEM, 1.21% verse mean,
4.88; SEM, 1.01%) (p=0.838) (Figure 2C). This result suggests that
decreased IRF7 expression may lead to deficient IFN-a production of
pDCs in individuals with CHI (Table 3).

Discussion

The recognition of pathogens by human pDCs is mediated
primarily through recognition by TLR7 and TLRY, which trigger
IFN-a production in response to infection by a variety of RNA and
DNA viruses [19]. A major pathway of HIV-1 stimulation of IFN-a
production by pDCs is through recognition of viral RNA by TLR7
[20,21]. It is likely that TLR7, rather than TLR9, mediates detection of
HIV-1 and subsequent activation of pDCs as suggested by competition
assays of TLR7 or TLRY transfected cell lines [22]. Additionally, elevated
levels of TLR7 in HIV-1-treated pDCs suggest a potential role for this
receptor in the detection of HIV-1 [16]. Our findings were similar to
others [11,12] and confirmed further that, in chronic HIV-1 infection,
IFN-a production following TLR7 stimulation was reduced.

Previous studies have shown that decreased TLR expression and
function can account for increased susceptibility to infection and
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deficiencies in the adaptive immune response [17,23,24]. Recent
research on hepatitis B virus also found that down-regulation of TLR7/9
leads to deficient production of IFN-a from pDCs [25]. However, in our
study, we found that TLR7 and TLRY levels were up-regulated rather
than down-regulated in individuals with chronic HIV-1 infection,
indicating that deficient IFN-a production following TLR7 stimulation
was not due to the insufficient expression of TLR7 or TLR9.

Importantly, our present study observed decreased IRF7 expression
in MSM with CHI as compare to that of NCs, while the expression levels
of activation markers and NF-«B were similar to those of NCs. Tilton et al
found that reduced IFN-a production in vitro was not due to diminished
pDC numbers or trafficking to lymph nodes, but rather was due to
feedback inhibition or prior stimulation through TLRs in vivo [13]. A
recent study showed that diminished TLR7-induced IFN-a production
by pDCs in HIV-1-infected individuals was not a consequence of down-
modulation of the immune inhibitory receptor, BDCA-2 on the pDC
[20]. Taken together, we deduced that decreased IRF7 expression might
lead to deficient IFN-a production of pDCs in individuals with CHL. It is
of significance to provide a clue to discover potential molecular target for
modulation in order to prevent immunopathology in HIV-1 infection.
Additional, other molecules in the TLR7/9 signaling pathway might
participate in the modulation of IRF7 since the up-regulation of TLR7/9
were observed in our present study and a negative feedback between
TLR7/9 and IRF7 was reported by Honda [26].

It should be pointed out that the data presented herein are somewhat
preliminary and a large-scale analysis is required in the near future.
On the other hand, all subjects with CHI investigated in the present
study were MSMs. Whether our present findings are applicable to the
populations infected through other routes needs to be confirmed before
getting solid conclusions. Nevertheless, this study would be helpful in
the prevention and control of HIV-1 infection in China since the rapid
increase of HIV-1 prevalence among Chinese MSM is of particular
concern [18].

In summary, IRF7 seems to play a critical role in HIV-1-induced
IFN-a production in human pDCs. Elucidating the mechanism by
which IFN-a is regulated will help in understanding the role of pDCs in
the immune response and in uncovering how IFN-a may be used as a
treatment for HIV-1 infection.
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