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Toll-like receptors (TLRs) are a family of pattern recognition
receptors expressed by cells of the immune system (1). TLR7 and 9
are expressed in endosomal membranes of human plasmacytoid
dendritic cells (pDCs) and B cells and recognize nucleic acid
molecular patterns (2-4). TLR7 is a receptor for viral single-stranded
RNA, while TLR9 is a receptor for bacterial DNA containing
unmethylated CpG motifs (5,6).

Recognition of nucleic acids by TLR7 and 9 is important in
mediating appropriate immune responses against bacterial and viral
infections. Endosomal location of these TLRs makes these receptors
inaccessible to self-DNA and -RNA. However, under certain
pathologic conditions such as systemic lupus erythematosus (SLE),
circulating immune complexes containing self-DNA or -RNA can
induce proinflammatory cytokines through TLR7 and 9 (7,8).
Interestingly, most autoimmune diseases, including SLE,
disproportionally affect females.

We have undertaken this study to understand if there are
differences in TLR7- and TLR9-mediated immune responses
between males and females. We measured immune responses
induced in vitro by a TLR7 agonist (9) and a TLR9 agonist (10).
Cytokine induction and costimulatory marker upregulation was
assessed in response to each TLR agonist in PBMCs and pDCs of
healthy males and females. Additionally, cytokine induction in
response to TLR7 or 9 agonist treatment of PBMCs was also
compared between healthy and SLE-afflicted females.
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The agonists used in these studies include an RNA-based TLR7 agonist (9)
and a DNA-based TLR9 agonist (10). The donor population was comprised of
healthy males (n=15, age: 23-60 years) and healthy females (n=15, age: 18-58
years). To further discern differences in TLR7- and TLR9-mediated immune
responses, SLE patients (n=9, age: 29-78 years) on treatment with
plaquenil/hydroxychloroquine were compared with healthy female subjects
(n=10, age: 22-56 years). PBMCs (1×106) were incubated with TLR7 agonist
(50 μg/ml) or TLR9 agonist (3 μg/ml), and cytokine induction was measured at
24 hr in supernatants using luminex/multiplex-based assays. Cytokine
induction was also measured at 24 hr in supernatants of pDCs (2×105)
incubated with TLR7 agonist (50 μg/ml) or TLR9 agonist (1 μg/ml). Activation
marker upregulation on pDCs was assessed at 24 hr following incubation with
TLR7 agonist (50 μg/ml) or TLR9 agonist (1 μg/ml) by flow cytometry using a
cocktail of CD123-PE, CD80-FITC, and CD86-APC antibodies.

Studies of immune response profiles in PBMCs and pDCs from healthy
females and males with TLR7 agonist showed

Higher levels of IFN-α and IP-10 induction in PBMCs from females than
males.

Higher levels of IL-12, IP-10, IFN-α, and TNF-α induction in pDCs from
females than males.

Studies of immune response profiles in PBMCs and pDCs from healthy
females and males with TLR9 agonist showed

Similar cytokine responses, except lower IL-1Ra levels, in PBMCs from
females than males.

Similar cytokine levels in pDCs from both females and males.

PBMCs from female SLE patients showed

Lower TLR7 agonist-induced secretion of IFN-α, TNF-α, and IP-10
compared with PBMCs from healthy females.

Lower TLR9 agonist-induced secretion of TNF-α, IL-6, MIP-1α, and MIP-
1β compared with PBMCs from healthy females.

Lower responses in SLE patients could be due to the fact that the subjects
are on plaquenil, which inhibits endosomal TLR-mediated immune responses
through neutralization of endosomal acidification.
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Agonist-Induced Cytokine Dose-Response Curves in PBMCs

Based on the dose-response curves, we chose 50 μg/ml TLR7 agonist and 
3 μg/ml TLR9 agonist for further studies in PBMCs

TLR7 TLR9

Incubation of PBMCs with TLR7 agonist results in higher IFN-α and IP-10 
secretion and lower IL-1Ra, IL-6, IL-1β, IL-8, and IL-10 secretion 

in females compared to males

Incubation of pDCs with TLR7 agonist results in higher IFN-α, IL-12, IP-10, and 
TNF-α secretion in females compared to males

TLR9 Agonist-Induced Cytokines in PBMCs and pDCs from Healthy Females and Males

PBMCs pDCs

Incubation of PBMCs with TLR9 agonist results in similar levels of cytokine secretion 
in females compared to males, with the exception of higher IL-1Ra levels in males

Incubation of pDCs with TLR9 agonist results in similar levels of cytokine 
secretion in females compared to males

TLR7 and TLR9 Agonist-Induced Activation Marker 
Expression in pDCs from Healthy Females and Males

Incubation of pDCs with TLR7 agonist or TLR9 agonist results in increased 
expression of CD80 and CD86 to similar levels in females and males

TLR7 TLR9

TLR7 Agonist-Induced Cytokines in PBMCs from 
Healthy and SLE-Afflicted Females

Incubation of PBMCs with TLR7 agonist results in lower levels of IFN-α, TNF-α, 
and IP-10 secretion in SLE patients compared with healthy controls 

TLR9 Agonist-Induced Cytokines in PBMCs from 
Healthy and SLE-Afflicted Females

Incubation of PBMCs with TLR9 agonist results in lower levels of TNF-α, IL-6, 
MIP-1α, and MIP-1β secretion in SLE patients compared with healthy controls 

TLR7 Agonist-Induced Cytokines in PBMCs from Healthy 
Females and Males

TLR7 Agonist-Induced Cytokines in pDCs from Healthy 
Females and Males
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