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1. Introduction: dendritic cells and aging

Most of our current understanding of dendritic cells (DCs),
which are specialised antigen-presenting cells (APCs), comes from
studies using young adult mice and humans. However, similar to
other immune cells, DCs reflect the age of their host. In the very
young (fetuses/neonates), DCs have not fully developed all their
functions (Willems et al., 2009), whilst at the other end of the
age spectrum, there is evidence that the ability of elderly DCs to
induce T cell responses is compromised (Agrawal and Gupta, 2011;
Gupta, 2014 Gupta, 2014). The latter may contribute to impaired
anti-tumour T cell responses thereby enabling cancer progres-
sion, and affecting responses to anti-cancer therapies involving the
immune system in elderly people with cancer. Age-related changes
in inhibitory/checkpoint molecules/pathways may be one mech-
anism that impairs the ability of elderly DCs to activate T cells.
This is an important consideration in elderly hosts with cancer, as
studies in young hosts show that tumours exploit inhibitory path-
ways to thwart anti-tumour immunity (Mittal et al., 2014; Pardoll,
2012; Topalian et al., 2015; Zarour, 2016). Moreover, checkpoint
blockade is proving to be a promising strategy for restoring anti-
tumour immune responses (Pardoll, 2012; Topalian et al., 2015).
This review will discuss our current understanding of the effects of
aging on DC and T cell inhibitory/checkpoint pathways, as well as
the potential contribution of age-associated cellular and molecu-
lar changes. We consider how changes in DC and T cell inhibitory
molecules/pathways might impact anti-tumour immunity in the
elderly, and the potential for using checkpoint blockade strategies
in elderly cancer patients.

Studies first performed in young adult mice, and later con-
firmed in humans, showed that DCs are a heterogeneous population
comprised of several subsets, which can be broadly divided into
conventional/myeloid DCs (cDCs/mDCs) and plasmacytoid DCs
(pDCs; Merad et al.,, 2013). DCs play a key role in the genera-
tion of antigen-specific T cell immune responses against pathogens
and tumours, due to their ability to prime antigen-specific effec-
tor T cells (Steinman and Banchereau, 2007). Once an immune
response has occurred and the initiating agent eliminated, immune
attenuation must occur to prevent damage to host tissues (Hubo
et al., 2013; Murakami and Riella, 2014). To facilitate this, DCs
and T cells up-regulate inhibitory/checkpoint molecules and anti-
inflammatory cytokines, resulting in a greater summation of
negative signals during DC/T cell interactions, leading to T cell sup-
pression (Chen and Flies, 2013; Hubo et al., 2013; Murakami and
Riella, 2014). Expression of inhibitory molecules and negative DC/T
cell cross-talk also allows DCs to maintain immune tolerance under
healthy steady state conditions (Hawiger et al., 2001; Hubo et al.,
2013).

The effects of aging on DCs are currently not well-defined,
and a consensus is yet to be reached, as the limited studies to-
date report conflicting results (reviewed by Agrawal et al., 2007b;
Agrawal et al., 2008; Agrawal and Gupta, 2011; Gupta, 2014; Shaw
etal.,2013; Wong and Goldstein, 2013). Furthermore, those studies
focused mainly on the impact of aging on aspects of the DC lifecycle
such as antigen uptake and presentation, migration, responses to
maturation stimuli, and expression of antigen-presenting and co-
stimulatory molecules and pro-inflammatory cytokines involved in
priming/activation of effector T cells, which has been summarised
in several excellent reviews (Agrawal et al., 2007b, 2008; Agrawal
and Gupta, 2011; Agrawal et al., 2012; Gupta, 2014; Gupta and
Agrawal, 2013; Shurin et al., 2007; Wong and Goldstein, 2013).
However, very little is known regarding the influence of aging on
expression of inhibitory molecules by DCs and negative DC/T cell
interactions leading to attenuation of immune responses. Recently,
immune inhibitory pathways have been gaining increasing atten-
tion, particularly in the field of cancer immunotherapy, where they

represent therapeutic targets (Pardoll, 2012; Topalian et al., 2015).
Given that cancer is a disease that predominantly affects elderly
populations (Derhovanessian et al., 2008; Fulop et al., 2010), it is
important to understand if molecules involved in inhibitory DC/T
cell cross-talk are affected by aging, as this may impact on anti-
cancer immune responses in elderly patients.

2. Inhibitory molecules in DC/T cell cross-talk and aging

Currently, a major focus in the field of cancer immunol-
ogy/immunotherapy is immune inhibitory pathways, how they
are hijacked by tumours to evade immune destruction, and how
they can be therapeutically targeted using checkpoint block-
ade to improve anti-tumour immunity (Pardoll, 2012; Topalian
et al.,, 2015). Many of these inhibitory pathways involve nega-
tive DC/T cell cross-talk, although the influence of aging is poorly
characterised. This section provides an overview of our current
understanding of the effects of aging on several key inhibitory
molecules/pathways involved in DC/T cell cross-talk, and dis-
cusses conflicting results in the literature, as well as our viewpoint
on which studies are most informative for immunity and aging
research in the context of checkpoint molecules.

2.1. Programmed cell death ligand-1 (PD-L1), PD-L2 and
programmed cell death protein-1 (PD-1)

PD-1 (expressed on T cells) binds its ligands, PD-L1 and PD-
L2 (expressed on DCs and other APCs), leading to inhibition of T
cell proliferation and activation, T cell anergy, and promotion of
regulatory T cell (Treg) development. PD-L1-PD-1 signalling has
reciprocal negative effects on DCs by inhibiting DC activation, and
promoting immunosuppressive IL-10-producing DCs (Keir et al.,
2007).

Surface expression of PD-1 has been shown to increase with
aging on murine CD8* and CD4" T cells in spleens, lymph nodes
and/or blood (Channappanavar et al., 2009; Decman et al., 2012;
Inoue et al., 2014; Lages et al., 2010; Lee et al., 2016; McClanahan
etal.,2015; Norrie etal.,2014; Shimada et al.,2009; Shimatani et al.,
2009), as well as on human blood CD8* T cells (Dolfi et al., 2013),
and human CD4* T cells in skin (Vukmanovic-Stejic et al., 2015).
Increased PD-L1 expression has also been reported on elderly
murine splenic CD8* T cells (Mirza et al., 2010). However, two con-
flicting studies showed no age-related changes in PD-1 expression
on human blood (Canaday et al., 2013) and murine splenic CD8*
and CD4* T cells (Mirza et al., 2010).

The effect of aging on PD-L1/PD-L2 expression on DCs is even less
clear, with one study reporting increased expression of PD-L1 and
PD-L2 on elderly murine splenic and lung DCs (Lages et al., 2010),
and two contrasting studies showing no age-related differences in
PD-L1 and PD-L2 in splenic, lymph node and lung DCs (Mirza et al.,
2010; Tan et al., 2012). Another study demonstrated that splenic
pDCs in middle-aged (12 months old) mice infected with E. cuni-
culi have increased PD-L1 expression, and these pDCs suppressed
the capacity of cDCs to induce effector CD25*IFN-y*CD8" T cells
(Gigley and Khan, 2011). Despite the contradictory reports, collec-
tively, these studies suggest that suppressive DC/T cell interactions
via the PD-L1/PD-L2-PD-1 pathway are likely to be increased in the
elderly (Table 1).

2.2. CD80, CD86 and cytotoxic t lymphocyte antigen-4 (CTLA-4)

CD80 and CD86 expressed on DCs engage two ligands on T cells:
the positive co-stimulatory molecule CD28, and the negative reg-
ulatory molecule CTLA-4. CD28-CD80/CD86 interaction leads to
enhanced T cell activation, proliferation and cytokine production,
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Table 1
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Changes in DC and T cell inhibitory pathways during healthy aging.

Inhibitory pathway

Changes on DCs with aging

Changes on T cells with aging

Potential effects on elderly
DC/T cell inhibitory
cross-talk

PD-L1/PD-L2-PD-1

CD80/CD86 — CTLA-4

TIM-3 — GAL-9

LAG-3 — MHC-II

1COS — ICOSL

Adenosine (CD39,
CD73, adenosine
receptors)

Anti-inflammatory
cytokines: IL-10 and
TGF-B

PD-L1/PD-L2:

Increased

(Gigley and Khan, 2011; Lages et al., 2010)
Maintained

(Mirza et al., 2010; Tan et al., 2012)

CD80/CD86:

Increased

(Della Bella et al., 2007; van Dommelen et al., 2010)
Maintained

(Agrawal et al., 2007a; Ciaramella et al., 2011;
Grolleau-Julius et al., 2008, 2006; Jiang et al., 2009; Li

etal, 2012a; Lung et al., 2000; Ordemann et al., 2002;

Pashenkov et al., 2000; Pereira et al., 2011;
Pietschmann et al., 2000; Prakash et al., 2013; Qian
et al.,, 2011; Shen et al., 2009; Tan et al., 2012; van
Dommelen et al., 2010; Wong et al., 2010; You et al.,
2014,2013)

GAL-9:

Not yet reported

MHC-II:
Maintained

(Agrawal et al., 2007a; Ciaramella et al., 2011; Gardner
et al., 2014a,b; Grolleau-Julius et al., 2008, 2006; Lung

et al., 2000; Pashenkov et al., 2000; Ping et al., 2003;

Prakash et al., 2013; Qian et al., 2011; Shen et al., 2009;

Steger et al., 1996; Tan et al., 2012; van Dommelen
etal, 2010; Wong et al., 2010)

Other LAG-3 ligands, e.g. LSECtin:

Not yet reported

ICOSL:

Not yet reported

CD39, CD73, adenosine receptors:
Not yet reported

IL-10:

Increased

(Grolleau-]Julius et al., 2006; Zacca et al., 2015)
Maintained

(Agrawal et al., 2007a; Della Bella et al., 2007; Jing
et al.,, 2009; Pashenkov et al., 2000; Pereira et al.,
2011; Prakash et al., 2013; You et al., 2014, 2013)
Decreased

(Ciaramella et al., 2011; Myer et al., 2010; Wong et al.,

2010)
TGF-B:

Increased

(Myer et al., 2010)
Maintained

(You et al., 2014, 2013)

PD-1:

Increased

(Channapannavar et al., 2009; Decman et al., 2012;
Dolfi et al., 2013; Inoue et al., 2014; Lages et al.,
2010; Lee et al., 2016; McClanahan et al., 2015;
Norrie et al., 2014; Shimada et al., 2009; Shimatani
et al.,, 2009; Vukmanovic-Stejic et al., 2015)
Maintained

(Canaday et al., 2013; Mirza et al., 2010)

CTLA-4 (negative ligand):

Increased

(Canaday et al., 2013; Channapannavar et al.,
2009; Inoue et al., 2014; Leng et al., 2002)
Maintained (Channappanavar et al., 2009; Gregg
et al,, 2005; Hwang et al., 2009; Lages et al., 2008)
CD28 (positive ligand):

Decreased

(Boucher et al., 1998; Effros et al., 1994; Fagnoni
etal., 1996; Leng et al., 2002; Vallejo et al., 1998;
Warrington et al., 2003; Weng et al., 2009;
Weyand et al., 1998)

TIM-3:

Increased

(Channappanavar et al., 2009; Lee et al., 2016)
Maintained

(Canaday et al., 2013; Channappanavar et al.,
2009)

Decreased

(Canaday et al., 2013)

LAG-3:

Increased

(Channappanavar et al., 2009; Decman et al., 2012;
Dolfi et al., 2013)

1COS:

Increased

(Channappanavar et al., 2009)
Maintained

(Canaday et al., 2013; Mirza et al., 2010)
Decreased

(Canaday et al., 2013)

CD39:

Increased

(Fang et al., 2016)

CD73:

Maintained

(Hesdorffer et al., 2012)

Decreased

(Boss et al., 1980)

A2A receptor:

Maintained

(Hesdorffer et al., 2012)

Other adenosine receptors:

Not yet reported

IL-10:

Increased

(Garg et al., 2014; Hobbs et al., 1994; Lee et al.,
2016; Tatari-Calderone et al., 2012)
Maintained

(Lages et al., 2008)

TGF-3 latency-associated peptide:
Increased

(Santiago et al., 2011)

Likely increased negative
PD-L1/PD-L2-PD-1
interactions

Decreased positive
CD28-CD80/CD86
interactions and increased
negative
CD80/CD86-CTLA-4
interactions

Retained or increased
capacity of T cells to
respond to negative signals
via TIM-3, depending on
conditions

Likely increased negative
LAG-3-MHC-II interactions

Together with reduced
positive CD-28-CD80/CD86
interactions, likely
increased negative
ICOS-ICOSL signalling

Likely increased
immunosuppression via
CD39 for T cells

Possible maintenance of T
cell suppressive CD73
activity and ability to
respond to adenosine via
A2A receptor

Likely increased DC and T
cell regulatory activity and
suppressive cross-talk
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whilst ligation of CTLA-4 to CD80/CD86 attenuates effector T cells
and induces Treg development (Gardner et al., 2014a).

Most studies to-date have reported that CD80 and CD86 expres-
sion is retained or increased on elderly human blood DCs (Della
Bella et al., 2007; Pashenkov et al., 2000; Pietschmann et al., 2000),
human monocyte-derived DCs (Agrawal et al., 2007a; Ciaramella
etal.,2011; Lunget al., 2000; Prakash et al., 2013; Qian et al., 2011),
human DCs from a low-density PBMC fraction (You et al., 2013,
2014), as well as elderly murine splenic DCs (Jiang et al., 2009; Li
et al.,, 2012a; Shen et al.,, 2009; Tan et al., 2012; van Dommelen
et al., 2010; Wong et al., 2010), lymph node DCs (Pereira et al.,
2011; Tan et al., 2012), thymic DCs (van Dommelen et al., 2010)
and in vitro bone marrow-derived DCs (Grolleau-Julius et al., 2006,
2008; Ordemann et al.,2002); Table 1. In contrast, CD28 expression
on human CD8* and CD4* T cells declines during aging (Boucher
et al., 1998; Effros et al., 1994; Fagnoni et al., 1996; Leng et al.,
2002; Vallejo et al., 1998; Warrington et al., 2003; Weng et al.,
2009; Weyand et al., 1998), and this is paralleled by increased
CTLA-4 expression on elderly human blood CD8* and CD4* T cells
(Canadayetal.,2013; Lengetal., 2002), as well as on murine splenic,
lymph node and blood CD4* T cells (Channappanavar et al., 2009;
Inoue et al., 2014); Table 1. Elderly Tregs from human peripheral
blood (Gregg et al., 2005; Hwang et al., 2009; Lages et al., 2008) and
murine spleens and lymph nodes (Channappanavar et al., 2009;
Lages et al., 2008) also maintain or increase their CTLA-4 levels.
Taken together, the reduction/absence of CD28 and concomitant
increase in CTLA-4 means that there will be no other possibility
but for CD80/CD86 to bind CTLA-4, leading to increased negative
DC/T cell cross-talk via this pathway in the elderly.

2.3. T cell immunoglobulin and mucin-domain containing-3
(TIM-3) and galectin-9 (GAL-9)

A model for the role of TIM-3-GAL-9 interactions in attenu-
ation of T cell responses has been proposed in which activated,
terminally differentiated CD4* T helper (Th)-1 and CD8" T cells
secrete IFN-vy as part of their effector function, and up-regulate
TIM-3 expression. IFN-y promotes GAL-9 expression on DCs/APCs,
which interact with TIM-3-expressing effector T cells, triggering T
cell apoptosis, inducing tolerance and promoting Treg expansion
(Kuchroo et al., 2008).

The three studies examining age-related changes in TIM-3 on T
cells report conflicting results, with TIM-3 increasing on elderly
murine splenic CD8"* T cells (Lee et al.,, 2016) and conventional
CD4* T cells (Channappanavar et al., 2009), remaining unaltered
on elderly murine Tregs (Channappanavar et al., 2009) and non-
activated elderly human CD8* and CD4* T cells (Canaday et al.,
2013), and decreasing on elderly human CD8* T cells following
mitogen stimulation (Canaday et al., 2013); Table 1. This suggests
that elderly steady state/non-activated T cells may have increased
capacity to respond to negative signals via the TIM-3 pathway. The
effects of aging on GAL-9 expression on DCs have not yet been
reported.

2.4. Lymphocyte activation gene-3 (LAG-3) and MHC-II

Ligation of LAG-3 on (i) CD4* T cells to MHC-II on DCs, and (ii)
CD8* T cells to LSECtin on DCs negatively regulates T cell activation
by inhibiting T cell receptor (TCR) signalling, and preventing T cell
proliferation, IL-2 production and Th1 polarisation (Anderson et al.,
2016).

Most studies observed that MHC-II expression is maintained on
elderly human blood DCs (Pashenkov et al., 2000), and monocyte-
derived DCs (Agrawal et al., 2007a; Ciaramella et al., 2011; Lung
et al.,, 2000; Prakash et al., 2013; Qian et al., 2011; Steger et al.,
1996), as well as on murine splenic and lymph node DCs (Gardner

et al., 2014b; Ping et al., 2003; Shen et al., 2009; Tan et al., 2012;
van Dommelen et al., 2010; Wong et al., 2010), thymic DCs (van
Dommelen et al., 2010), and in vitro bone marrow-derived DCs
(Grolleau-Julius et al., 2006; Grolleau-Julius et al., 2008); Table 1.
No studies have yet examined age-related changes in other LAG-3
binding partners, such as LSECtin, on DCs. Three studies described
an age-related increase in LAG-3 on elderly CD8* T cells in mouse
blood and spleen (Decman et al., 2012), elderly murine splenic con-
ventional CD4* T cells and Tregs (Channappanavar et al., 2009) and
elderly human blood CD8* T cells (Dolfi et al., 2013), suggesting
increased potential for T cell inhibition (Table 1).

2.5. Inducible T cell co-stimulator (ICOS) and ICOS ligand (ICOSL)

If ICOS on activated T cells binds ICOSL on DCs at the same time
as CD80/CD86-CD28 interactions, the two pathways co-operate to
promote differentiation, proliferation and cytokine production by
effector T cells. In the absence of CD28 stimulation, ICOS-ICOSL sig-
nals are tolerogenic and enhance the ability of T cells to respond to
IL-10 leading to T cell anergy and Treg development (Hubo et al.,
2013). As described in section 2.2 and Table 1, CD28 stimulation
may be diminished in the elderly, which may skew DC/T cell cross-
talk via ICOS-ICOSL towards a tolerogenic outcome.

There are conflicting reports regarding the effects of aging on
ICOS expression (Table 1). Two studies have shown that ICOS
expression is retained on elderly murine splenic CD8* and CD4*
T cells (Mirza et al., 2010), and human blood CD8* T cells (Canaday
et al., 2013). An age-related decline in ICOS expression has been
reported for human blood CD4* T cells (Canaday et al., 2013), and
murine splenic DCs (Mirza et al., 2010). In contrast, one study
observed increased numbers of ICOS* conventional CD4* T cells
and ICOS* Tregs in elderly murine spleens (Channappanavar et al.,
2009). ICOS* Tregs have potent suppressive activity (Herman et al.,
2004; Vocanson et al., 2010), suggesting that Treg-mediated sup-
pression may increase with age. No studies have yet examined the
effects of aging on ICOSL expression on DCs.

2.6. CD39, CD73, adenosine and adenosine receptors

Regulation of immune cell function by the adenosine
pathway is gaining interest. DCs and T cells express the
adenosine-producing enzymes CD39 (ecto-nucleoside triphos-
phate diphospho-hydrolase-1) and CD73 (ecto-5'-nucleotidase),
and can thus generate immunosuppressive adenosine. DCs and T
cells can respond to adenosine through four adenosine-binding
receptors: Al, A2A, A2B and A3, leading to inhibition of effector T
cell differentiation, proliferation and cytotoxic activity, Treg expan-
sion, and skewing DCs towards regulatory function (Antonioli et al.,
2013).

Only three studies have examined the adenosine pathway and
elderly T cells (Boss et al., 1980; Fang et al., 2016; Hesdorffer et al.,
2012); Table 1. One showed an age-related decline in CD73 activ-
ity in human lymphocytes (Boss et al., 1980). In contrast, another
demonstrated that elderly human T cells activated in vitro via TCR
stimulation produced higher quantities of adenosine compared to
young T cells, although expression of CD73 and the A2A receptor
were comparable between the two age groups (Hesdorffer et al.,
2012). Recently, Fang et al. (2016) showed that CD39 was up-
regulated to a greater extent on memory CD4* T cells from elderly
humans following antigenic stimulation by DCs, relative to their
young counterparts. Moreover, elderly CD39* CD4" T cells were
more susceptible to apoptosis (Fang et al., 2016). Whilst no studies
have reported age-related changes in molecules associated with the
adenosine pathway on DCs, adenosine-mediated immunosuppres-
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sion appears to represent a potent immunosuppressive mechanism
in the elderly.

2.7. Anti-inflammatory cytokines: IL-10 and transforming growth
factor (TGF)-B

DCs and T cells can secrete a range of anti-inflammatory and
immunosuppressive cytokines/mediators; two key mediators are
IL-10 and TGF-. IL-10 and TGF-f inhibit activation and function
of effector T cells, induce T cell anergy, suppress DC maturation,
and drive differentiation of Tregs and regulatory DCs (Couper et al.,
2008; Li et al., 2006).

Several studies have shown that there are no age-related
changes in IL-10 production by healthy steady state human blood
DCs (Della Bella et al., 2007; Pashenkov et al., 2000), human
monocyte-derived DCs (Prakash et al., 2013), and murine lymph
node DCs (Pereira et al., 2011). However, following stimulation,
IL-10 secretion has been reported to be maintained at levels equiv-
alent to their younger counterparts in elderly human blood DCs
(Della Bella et al., 2007; Jing et al., 2009), monocyte-derived DCs
(Agrawal et al., 2007a), and DCs from a low-density PBMC fraction
(Youetal,, 2013, 2014). In contrast, others have shown that elderly
murine splenic DCs (Zacca et al., 2015) and in vitro bone marrow-
derived DCs (Grolleau-Julius et al., 2006) produce higher levels
of IL-10 than their younger counterparts following stimulation
with Toll-like receptor (TLR) agonists. Yet, others have shown that
elderly TLR-activated human monocyte-derived DCs (Ciaramella
et al., 2011), murine splenic DCs (Wong et al., 2010) and murine
bone marrow-derived DCs (Myer et al., 2010) secrete less IL-10
than their equivalent young DC counterparts. Only three studies
have examined DC TGF-[3 production following stimulation (Myer
etal., 2010; Youetal.,2013,2014), and reported conflicting results.
Myer et al. (2010) reported an increase in TGF-3 mRNA in elderly
murine bone marrow-derived DCs stimulated with lipopolysac-
charide (LPS) and a TLR-7 agonist, whilst You et al. (2014,2013)
reported that LPS-stimulated elderly human DCs produced similar
levels of TGF-f to their younger counterparts.

Elderly T cells may also have increased immunosuppressive
capacity, as IL-10 production is increased in elderly murine Tregs
(Garg et al.,, 2014), as well as elderly murine splenic CD8* and
CD4* T cells stimulated with anti-CD3 alone (Hobbs et al., 1994),
PMA/ionomycin alone (Lee et al., 2016), and the combination of
anti-CD3 and PMA/ionomycin (Tatari-Calderone et al., 2012). In
contrast, one study has shown that young and elderly effector
T cells isolated from lymph nodes and co-cultured in vitro with
bone marrow-derived DCs infected with the parasite L. major pro-
duced similar quantities of IL-10 (Lages et al., 2008). Percentages
of CD4* T cells expressing TGF-3 latency-associated peptide are
also increased in elderly murine mesenteric lymph nodes, Peyer’s
patches and intestinal lamina propria (Santiago et al., 2011). Col-
lectively, a consensus is yet to be reached regarding the effect of
aging on elderly DC and T cell IL-10 and TGF-f3 production.

2.8. Understanding the current state of the art regarding aging
and DC and t cell inhibitory molecules

As described in Sections 2.1-2.7, and summarised in Table 1,
there are several discrepancies in the literature regarding age-
related changes in DC and T cell expression of inhibitory molecules.
It is important to understand reasons for these discrepancies and
which studies are most relevant and informative for understanding
human immune system aging and its role in age-related diseases.
It is now understood that the human and mouse immune systems
age differently (Nikolich-Zugich, 2014; Shaw et al., 2013). Other
confounding factors include differences in: (i) age ranges of human
volunteers or mice; (ii) criteria used to select human volunteers

(such as nutritional status, medications and socioeconomic status);
(iii) mouse strains; and (iv) examination of immune cells isolated
ex vivo versus those generated or stimulated in vitro. In this sec-
tion, we discuss our viewpoint on the relative importance of human
and murine studies examining age-related changes in inhibitory
molecules.

With regards to literature on DCs and aging, a main reason for
conflicting reports is use of different DC subsets. We propose that
ex vivo studies of freshly isolated DC subsets from human tissues,
that have had minimal in vitro manipulation, are likely to best
reflect age-related changes to checkpoint molecules that would be
most relevant for understanding how these age-related changes in
DCs contribute to diseases, such as cancer; these studies have been
highlighted in bold in Table 1. However, one issue is the difficulty
associated with obtaining DCs from human tissues. Most studies
examining human ex vivo DCs use peripheral blood DCs, as they
are easier to obtain. Very few studies have examined human DCs
from other tissues, such as natural and ultraviolet-exposed skin
(Bhushan et al., 2004; Ghersetich and Lotti, 1994; Grewe, 2001;
Kurban and Bhawan, 1990; Thiers et al., 1984), thymus (Nakahama
et al., 1990; Varas et al., 2003) and tonsils (Indrasingh et al., 1999),
and these studies did not examine age-related changes in inhibitory
molecules. Nonetheless, age-related checkpoint molecular changes
in human blood DCs could represent changes occurring in tissue
DCs, as recent studies have shown that human blood DC sub-
sets have equivalent tissue-resident counterparts, and accurately
reflect tissue-resident DC subsets (Haniffa et al., 2012; Mittag et al.,
2011; Segura et al., 2013; Segura et al., 2012). Due to the difficul-
ties in isolating human DCs, many studies use DCs differentiated
from monocytes in vitro, although they may not reflect age-related
changes occurring in vivo. An in vivo counterpart of monocyte-
derived DCs has yet to be identified (Harman et al., 2013), and
recent transcriptional studies have shown that monocyte-derived
DCs share more similarities with monocytes than in vivo DC sub-
sets (Harman et al., 2013; Lundberg et al., 2013). Furthermore, the
in vitro generation of DCs may not accurately reflect the complex-
ity of the aged microenvironment in vivo. Thus, it is not yet clear
whether studies using in vitro monocyte-derived DCs provide use-
ful age-related information regarding checkpoint molecules.

Similar to DCs, studies using T cells freshly isolated from human
tissues and analysed directly with minimal in vitro manipulation
could be most representative of age-related changes occurring
in vivo when examining suppressive/checkpoint molecules; these
studies have also been highlighted in bold in Table 1. An important
issue to consider with aging T cell studies is the current debate as to
whether T cellimmunosenescenceis aresult of intrinsic age-related
changes, or life-long exposure to antigens, resulting in depletion
of the naive T cell pool, and a concomitant increase in antigen-
experienced effector/memory T cells (Pawelec, 2012). Early studies
often did not consider the latter, and their observations may
be indicative of the prevalence of antigen-experienced T cells in
elderly individuals. Recent studies have compared specific T cell
populations (for example, naive T cells, or memory T cells) and have
found that there is a specific influence of aging on T cell functional
status in the elderly (Goronzy et al., 2015; Moskowitz et al., 2017;
Pawelec, 2012). Age-related cellular/molecular changes may con-
tribute to age-related differences in inhibitory molecules/pathways
(Goronzy et al., 2015; Pawelec, 2014); this is discussed fur-
ther in section 3. We propose that studies examining: (i)
specific T cell sub-populations; and (ii) age-related changes in
inhibitory molecules/pathways in conjunction with associated cel-
lular/molecular changes, will be the most informative.

Despite differences in aging, mice remain an important widely
used biological model. In particular, murine cancer models are
extensively used to study the complexity of the tumour microenvi-
ronment, and for pre-clinical assessment of anti-cancer therapies.



J.K. Gardner et al. / Ageing Research Reviews 38 (2017) 40-51 45

Thus, it is necessary to understand the effects of aging and cancer
on murine immune cells, and their translational potential. Studies
examining freshly isolated ex vivo murine DC and T cell subsets
are likely to be more informative for checkpoint profile studies,
compared to DCs and T cells generated/stimulated in vitro, as the
latter are not subject to the complex influence of the in vivo healthy
aging environment and aging tumour microenvironments. Recent
identification of human and murine in vivo DC subset equivalents
(Crozatetal., 2010; Merad etal.,2013; Robbins et al.,2008) suggests
that aging murine DC studies will provide insight into the human
situation.

In summary, there is evidence suggesting that inhibitory DC/T
cell interactions may be increased with aging. Studies examining
ex vivo human DC and T cell subsets will be the most relevant and
informative. The studies highlighted in bold in Table 1 show that
the PD-L1-PD-1, CD80/CD86-CTLA-4 and LAG-3 pathways on DCs
and T cells, and the adenosine pathway on T cells (Fig. 1), are key
inhibitory pathways that increase with age. This implies that the
outcome of DC/T cell cross-talk is likely to be suppression of effec-
tor T cells, as well as induction of Tregs and DCs with regulatory
function, preventing the generation of effective anti-tumour T cell
responses in the elderly (Fig. 1).

3. Potential mechanisms contributing to changes in DC and
t cell inhibitory pathways during aging

There are several factors that could modulate DC and T cell
inhibitory molecules/pathways during aging, including changes
in the aging microenvironment, and changes at the cellular and
molecular levels, with the latter representing an area of increas-
ing interest and importance in the field of immune aging research.
Alterations in the aging microenvironment which could affect
elderly DC/T cell inhibitory cross-talk include: (i) increases in cir-
culating pro- and anti-inflammatory cytokines (Franceschi and
Campisi, 2014), hormones (Chahal and Drake, 2007) and lipids
(Lawton et al., 2008); (ii) changes in the microbiome (Magrone
and Jirillo, 2013); and (iii) the influence of previous infections and
chronic antigenic stimulation as a result of latent infections, par-
ticularly cytomegalovirus (Tu and Rao, 2016). In elderly hosts with
cancer, secretion of immunosuppressive factors by tumours, such
as adenosine, indoleamine 2,3-dioxygenase, IL-10 and TGF-3 may
further modulate inhibitory molecules/pathways on elderly DCs
and T cells, as these tumour-derived factors are known to induce
DCs and T cells with immune inhibitory functions in young hosts
(Nishikawa and Sakaguchi, 2010; Tran Janco et al., 2015).

The response of elderly DCs and T cells to changes in the aging
milieu will ultimately occur at the cellular and molecular levels.
Therefore, it is important to understand age-related changes in
genetic and epigenetic modifications, and alterations in signalling
and metabolic pathways as they will not only influence expression
of inhibitory molecules, but also impact downstream events fol-
lowing engagement of DC/T cell inhibitory pathways. Furthermore,
the processes of cellular signalling, metabolism and gene expres-
sion are intertwined, which means that age-related changes in one
of these compartments will have reciprocal effects on the others.
This section will relate what we currently know about changes at
the cellular/molecular levels in DCs and T cells during aging to the
potential impact this could have on inhibitory molecules/pathways
in elderly DCs and T cells.

3.1. The potential influence of age-related cellular/molecular
changes on inhibitory molecules in elderly DCs

The few studies performed to-date examining cellu-
lar/molecular changes to DCs during aging have shown that

these changes impact upon DC functions involved in T cell prim-
ing/activation. Age-related changes in DC inhibitory molecules
(Table 1) may be attributed to changes in gene expression. One
study has shown that young and elderly human monocyte-derived
DCs have different gene expression profiles, although inhibitory
molecules were not examined (Cao et al., 2014). Alterations in
histone methylation patterns have been observed in elderly DCs,
and shown to affect transcription factor binding and expression
of IFN-a and A (Prakash et al., 2013) and IL-23 (El Mezayen et al.,
2009). Thus, age-related alterations in histone methylation and
chromatin configuration may affect expression of DC inhibitory
molecules.

Age-related alterations in several signalling pathways, and their
regulators and associated transcription factors have been reported
in elderly DCs, specifically: (i) reduced phosphorylation of AKT
leading to decreased induction of the phosphatidylinositol 3-
kinase (PI3K) pathway (Agrawal et al., 2007a); (ii) alterations in
nuclear factor-kB (NFkB) pathway activity due to increased activa-
tion of the transcription factor interferon regulatory factor (IRF)-3
(Agrawal et al., 2009) and altered phosphorylation kinetics of IkB
kinase (Zacca et al., 2015); (iii) impaired induction and/or phos-
phorylation of IRF-1 and 7 (Qian et al.,, 2011; Sridharan et al.,
2011; Stout-Delgado et al.,2008); and (iv) reduced phosphorylation
and expression of signal transducer and activator of transcrip-
tion (STAT)-1 and STAT-3 (Qian et al,, 2011; Wong et al., 2010).
Defects in these pathways have been linked to reduced DC functions
involved in T cell activation/priming, such as antigen phagocyto-
sis (Agrawal et al., 2007a) and migration (Agrawal et al., 2007a),
as well as impaired production of the pro-inflammatory anti-viral
cytokines IFN-a and IFN-\ (Qian et al.,, 2011; Sridharan et al.,
2011; Stout-Delgado et al., 2008). Several of these pathways and
their associated factors (IRF-1, AKT, PI3K, STAT-3 and/or NFkB)
are involved in mediating signalling through negative regulatory
molecules, including PD-L1 (Keir et al., 2007), the A2A receptor
(Bono etal., 2015), and CD39 (Antonioli et al., 2013). Thus, it is pos-
sible that age-related changes in DC signalling pathways influence
negative signalling and inhibitory function in elderly DCs.

Metabolic changes in elderly DCs may affect inhibitory sig-
nalling pathways. Increased levels of reactive oxygen species (ROS),
leading to accumulation of oxidatively modified proteins and lipids
in elderly DCs (Cannizzo et al., 2012) may affect signalling through
inhibitory pathways, as metabolically modified (acetylated, methy-
lated and glycosylated) proteins and lipids are important mediators
of intracellular signalling events in DCs (Pearce and Everts, 2015).
Furthermore, DC activation involves a complex series of metabolic
changes which are linked to simultaneous changes occurring in sig-
nalling pathways, such as NFkB, PI3K and AKT (O’'Neill and Pearce,
2016; Pearce and Everts, 2015). These signalling pathways are
altered in elderly DCs; thus, age-related changes in DC signalling
and metabolism may have reciprocal effects, leading to altered
inhibitory function. Additionally, changes in DC energy profile and
mitochondrial function with aging may affect the development
of an immune-activating versus regulatory/tolerogenic status in
elderly DCs. Increased glycolysis and mitochondrial activity have
been linked to DC activation, whilst autophagy and fatty acid oxida-
tion are associated with tolerogenic DC function (O'Neill and Pearce,
2016). With aging, DCs demonstrate mitochondrial dysfunction,
specifically, reduced ATP synthesis and mitochondrial membrane
potential (Chougnet et al., 2015), and increased accumulation of
autophagosomes (Cannizzo et al., 2012); these changes suggest a
metabolic profile less conducive to activation, and more conducive
to regulatory function. Taken together, it can be speculated that
age-related changes in DC gene expression and epigenetic regula-
tors, signalling pathways and metabolism are likely to influence DC
inhibitory function.
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Fig. 1. Inhibitory DC/T cell interactions may be increased during aging, which may impair anti-tumour immunity in the elderly.

This figure summarises results from recent studies showing increased expression of inhibitory molecules on ex vivo human dendritic cells (DCs) and/or T cells during aging
(shown in bold in Table 1). This may result in a greater summation of negative signals during elderly DC/T cell cross-talk, leading to negative effects on DCs and effector
T cells, and promotion of regulatory T cells (Tregs). As a consequence, the generation of effective anti-tumour immune responses may be compromised in the elderly.
CTLA-4: cytotoxic T lymphocyte antigen-4, IDO: indoleamine 2,3-dioxygenase, IFN-v: interferon-v, IL: interleukin, LAG-3: lymphocyte activation gene-3, MHC-II: major
histocompatibility complex II, PD-1: programmed cell death protein-1, PD-L1: programmed cell death ligand-1, TCR: T cell receptor, TNF-a:: tumour necrosis factor-o.

3.2. The potential influence of age-related cellular/molecular
changes on inhibitory molecules in elderly T cells

As discussed in Section 2.8, increased expression of inhibitory
markers on elderly T cells may reflect accumulation of antigen-
experienced T cells, however, recent studies examining cellular
and molecular changes in elderly T cells provide support for a
specific influence of aging. A few studies have shown that elderly
human (Bektas et al., 2013; Cao et al., 2010; Moskowitz et al., 2017;
Tserel et al., 2015) and murine (Decman et al., 2012; Mirza et al.,
2011) T cells have different gene expression profiles to young T
cells, including increased expression of genes for the inhibitory
molecules CTLA-4 (Bektas et al., 2013), IL-10(Decman et al., 2012;
Mirza et al., 2011), LAG-3 (Decman et al., 2012) and PD-1 (Decman
et al., 2012). Decman et al. (2012) and Mirza et al. (2011) showed
increased expression of inhibitory marker genes in naive T cells
from elderly relative to young non-antigen-exposed mice, sug-

gesting a specific effect of aging, and that increased inhibitory
marker expression is not exclusively due to expansion of antigen-
experienced T cells. Epigenetic modifications in aged T cells may
contribute to their increased expression of inhibitory molecules.
Two recent studies have shown that elderly human CD8* T cells
have different methylation patterns (Tserel et al., 2015) and pat-
terns of chromatin openness (Moskowitz et al., 2017), compared
to their younger counterparts. Tserel et al. (2015) observed DNA
hypermethylation of genes involved in T cell differentiation in
elderly CD8* T cells, and hypothesised that this may direct the gene
expression profile of elderly T cells towards a terminally differen-
tiated state, a hallmark being increased expression of inhibitory
molecules (Tu and Rao, 2016). Moskowitz et al. (2017) compared
elderly human naive and central memory T cell populations to their
younger counterparts, thereby removing the confounding influ-
ence of age-associated oligoclonal T cell expansions. This study
observed that aged naive T cells had an overall loss in chromatin
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accessibility at gene promoters, leading to altered transcription fac-
tor binding and expression of respiratory chain genes (Moskowitz
etal.,2017); alterations in chromatin accessibility could affect gene
expression of inhibitory molecules.

It is well-established that T cell signalling is altered during
aging, due to changes in: (i) expression and/or activity of intra-
cellular signalling molecules and their regulators; (ii) membrane
lipid composition; and (iii) cytoskeletal organisation (reviewed by
Garcia and Miller, 2011; Larbi et al., 2011). These changes lead
to reduced signalling through the TCR, CD28 and IL-2 receptor
pathways, which may contribute to a concomitant increase in
signalling through inhibitory pathways (reviewed by Larbi et al.,
2011). A possible mechanism may be via age-associated alterations
in phosphatases, as elderly human CD4* T cells have increased
expression of dual-specific phosphatase (DUSP)-4 (Yu et al., 2012)
and DUSP-6 (Li et al., 2012b), the latter due to a decline in levels
of the regulator microRNA-181a (Li et al., 2012b). The inhibitory
mechanisms of PD-1 and CTLA-4 on T cells are mediated by
recruitment of phosphatases to the immunological synapse, lead-
ing to de-phosphorylation of signalling molecules involved in T
cell activation (Chen and Flies, 2013). Therefore, increases in T cell
phosphatases with aging may lead to increased inhibitory activ-
ity through the PD-1 and CTLA-4 pathways. In addition, changes
in the membrane lipid composition and cytoskeleton of elderly T
cells may lead to increased recruitment of inhibitory molecules to
the immunological synapse; as demonstrated for the inhibitory
molecule CD43 (leukosialin; Garcia and Miller, 2011). This may
also apply to the inhibitory molecules discussed in this review. An
increase in inhibitory molecules at the immunological synapse may
skew the balance away from positive and towards negative sig-
nalling, leading to inhibition of elderly T cells (Garcia and Miller,
2011).

Age-related changes in T cell metabolism may also affect
inhibitory pathways, although there is a scarcity of information on
the impact of metabolic changes on T cell function during aging
(reviewed by Goronzy et al., 2015). Mitochondrial dysfunction that
occurs with aging may contribute to altered elderly T cell function
(Ron-Harel et al., 2015), as effector T cell activation requires intact
mitochondrial function (Sena et al., 2013). There is also emerging
evidence for a role of mitochondrial metabolism in T cell inhibitory
pathways, as a recent study in young mice has shown that PD-1-
mediated T cell apoptosis is dependent on mitochondrial fatty acid
oxidation and ROS generation (Tkachev et al., 2015). However, the
influence of age-related mitochondrial changes on specific T cell
inhibitory pathways is yet to be determined. There may be a link
between the mammalian target of rapamycin (mTOR) pathway and
T cell inhibitory status with aging. Pharmacologic inhibition of the
mTOR pathway has been shown to reduce the frequency of PD-
1* T cells and improve vaccination responses in elderly humans
(Mannick et al., 2014), and reduce numbers of PD-1* and LAG-3* T
cells in elderly mice (Hurez et al., 2015), although the exact mech-
anisms, and whether this is due to removal of antigen-experienced
cells, require further investigation.

In summary, age-related genetic and epigenetic changes, as
well as alterations in signalling and metabolic pathways are com-
plex and interconnected, and are likely to influence DC and T cell
inhibitory molecules/pathways. These changes may not only alter
expression of inhibitory molecules by DCs and T cells, but also alter
downstream activity through inhibitory pathways, increasing the
likelihood of negative DC/T cell interactions, leading to DC and T
cell suppression in the elderly. However, the links between age-
related cellular/molecular changes and their potential influence on
DC and T cell inhibitory molecules/pathways are largely specula-
tive at this stage, and this represents an important area for future
research.

4. Aging, cancer and DC/T cell inhibitory molecules

Age-associated changes in DCs and T cells that lead to increased
inhibitory DC/T cell cross-talk are likely to affect anti-tumour
immune responses in the elderly (Fig. 1). From studies in young
hosts with cancer, it is known that tumours and their secreted fac-
tors modulate immune cells, with a major effect being skewing
of immune cells, including DCs and T cells, towards immunosup-
pressive function (Motz and Coukos, 2013; Zong et al., 2016). It is
possible that aging exerts additive effects leading to exacerbation
of immune suppression/dysfunction in elderly hosts with cancer.
However, few studies have examined the combined effects of aging
and cancer on DC and T cell function, and of those that have, the
majority focused on DC and T cell functions involved in the activa-
tion/effector phase of anti-tumour immunity (Flood et al., 1998;
Flood et al., 1981; Gravekamp et al., 2009; Grizzle et al., 2007;
Grolleau-Julius et al., 2006, 2008; Li et al., 2002; Norian and Allen,
2004; Sharma et al., 2006; Shi et al., 2005; Urban and Schreiber,
1984; Win et al., 2002; Young et al., 2001). This means that the
combined influence of aging and cancer on DC and T cell inhibitory
molecules remains a largely unexplored area, with only two stud-
ies to-date examining T cells (McClanahan et al., 2015; Mirza et al.,
2010). McClanahan et al. (2015) identified that aging has a con-
founding effect and contributes to the tumour-induced increase in
PD-1 expression on elderly splenic CD8* T cells in a murine chronic
lymphocytic leukaemia model. Mirza et al. (2010) reported higher
PD-L1 expression on elderly proliferating and resting splenic CD8*
T cells relative to their younger counterparts, in healthy and tumour
(leukaemia)-bearing mice; in this case the presence of a tumour did
not exacerbate age-related differences in PD-L1 expression.

Taken together, the limited evidence available suggests that
age-related increases in T cell PD-1 are exacerbated in elderly
tumour-bearing hosts. This means that elderly T cells are likely
to be hyper-responsive to inhibitory PD-1-PD-L1 signals, thereby
impairing elderly anti-tumour immunity. However, the PD-1-PD-
L1 pathway represents one mechanism by which tumour-specific
T cells can be suppressed. It is important to consider a more com-
plete picture which takes into account the combined influence of
aging and cancer on other inhibitory mechanisms that can suppress
tumour-specific T cells, including: (i) the inhibitory molecules and
cytokines discussed in this review, as well as other tumour-derived
inhibitory cytokines/factors, such as IL-6, arginase and inducible
nitric oxide synthase, and (ii) other immune cell subsets known
to exert immunosuppressive function, such as tumour-associated
macrophages and myeloid-derived suppressor cells (MDSCs). The
additional influence of cancer on the age-associated reduction in T
cell co-stimulatory molecules (such as CD28) should be considered,
as this represents another mechanism by which the generation of
tumour-specific effector T cells may be thwarted in the elderly.
This will allow greater understanding as to how immune-inhibitory
pathways/mechanisms might be therapeutically targeted in elderly
cancer patients.

5. Targeting inhibitory molecules/pathways in aging and
cancer

Targeting inhibitory/checkpoint pathways may be a promising
strategy for restoring immune function in elderly people with can-
cer. This is supported by studies showing that checkpoint blockade
can be effective in restoring certain aspects of elderly murine T cell
function in vitro (Lages et al., 2010; Mirza et al., 2010). PD-1 block-
ade has been shown to improve IFN-y secretion by aged murine
splenic CD8* and CD4"* T cells stimulated with anti-CD3 antibody
(Lages et al., 2010), and PD-L1 blockade restored the ability of
elderly murine CD8* T cells to proliferate in response to anti-CD3
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and anti-CD28 stimulation (Mirza et al., 2010). Additionally, target-
ing age-related changes at the cellular/molecular level may help to
reduce the inhibitory status of elderly immune cells, as one study
has shown that in elderly mice treated with rapamycin, an inhibitor
of the mTOR pathway, the frequency of splenic CD8* and CD4* T
cells positive for PD-1 and LAG-3 is reduced, and this is associated
with partial restoration of elderly PD-1* T cell proliferative capac-
ity (Hurez etal.,2015). Pharmacologic inhibition of mTOR in elderly
humans has also been associated with reduced percentages of cir-
culating PD-1* CD8* and CD4* T cells, and improved responses to
influenza vaccination (Mannick et al., 2014).

There is currently little information regarding the use of
immune checkpoint blockade in elderly tumour-bearing hosts.
One study evaluated anti-CTLA-4 and anti-PD-L1 in an elderly
murine melanoma model and showed that treatment with anti-PD-
L1 monotherapy was less effective in elderly compared to young
mice, however combining both agents partially restored treatment
efficacy in elderly mice (Hurez et al., 2017). Another study demon-
strated that blockade of PD-L1 in elderly leukaemia-bearing mice
improved elderly CD8* T cell cytotoxic activity and survival to sim-
ilar levels as young mice (Mirza et al., 2010). Despite varied results
from the limited number of murine studies, a few recent studies
evaluating CTLA-4 and PD-1 blockade in patients with melanoma,
non-small cell lung cancer or renal cancer included elderly patients
(aged 65 years and above). These studies reported that elderly
patients showed similar survival benefits and ability to tolerate
treatments, compared to younger patients (Chiarion Sileni et al.,
2014; Elias et al., 2016; Freeman and Weber, 2015; Helissey et al.,
2016; Nishijima et al., 2016; Sgambato et al., 2017). Although these
studies did not perform in-depth analysis of immune cells in elderly
patients treated with checkpoint blockade, the promising results
provide support for use of checkpoint blockade strategies in elderly
patients. Antibodies to block other inhibitory molecules (includ-
ing several discussed in this review, such as CD39, CD73, A2A and
A2B receptors, LAG-3 and TIM-3) are under development and pre-
clinical and clinical testing for several types of cancer (Anderson,
2014; Antonioli et al., 2016; Bastid et al., 2013; Bonnefoy et al.,
2015; Goldberg and Drake, 2011; Leone et al., 2015; Pardoll, 2012;
Sepulveda et al., 2016). However, the specific effects of aging have
not yet been considered. Additionally, simultaneous blockade of
multiple inhibitory molecules (e.g. checkpoint blockade), combined
with other strategies to alleviate immunosuppression should be
considered, as blocking a single inhibitory pathway may not show
an effect, as it may be overwhelmed by other immune-suppressing
pathways.

Several inhibitory molecules and cytokines/factors discussed in
this review are expressed by other suppressive immune cells, such
as M2 macrophages and MDSCs (Lu et al., 2016; Ugel et al., 2015);
in particular MDSCs strongly express PD-L1 (Lu et al., 2016). The
frequency of lymphoid M2 macrophages (Jackaman et al., 2014;
Jackaman et al., 2013) and MDSCs in tumours increases with age
(Chandra et al., 2013; Grizzle et al., 2007). Therefore, eliminat-
ing M2 macrophages and/or MDSCs may restore anti-tumour T
cell immunity; the latter has been demonstrated by two studies
in elderly tumour-bearing mice (Grizzle et al., 2007; Hurez et al.,
2012). Thus, eliminating multiple immune cell types which have
high expression of inhibitory molecules may alleviate immunosup-
pression in elderly cancer patients.

6. Conclusions

In summary, there is a small amount of evidence suggesting
that elderly DCs and T cells have increased expression of inhibitory
molecules, which may lead to increased inhibitory DC/T cell cross-
talk and T cell suppression in the elderly, likely impairing the

generation of effective anti-tumour immune responses (Fig. 1).
However, this area requires further investigation, as there are con-
flicting reports in the literature. We propose that examination of
ex vivo human DC and T cell subsets is likely to be most informa-
tive for human immune aging research on suppressive/checkpoint
molecules. Comparisons of specific naive and memory T cell sub-
populations will be necessary to identify the influence of aging,
and uncouple changes resulting from the accumulation of antigen-
experienced T cells. Another important consideration is identifying
how age-associated genetic/epigenetic, signalling and metabolic
changes contribute to expression of inhibitory molecules/pathways
in elderly DCs and T cells, as this is largely unexplored to-
date. Studying age-related changes in DC and T cell inhibitory
molecules/pathways in combination with the potential underlying
mechanisms allows for a more complete understanding of alter-
ations in elderly DC/T cell cross-talk, and how this may impact
immune responses in age-related diseases, such as cancer. Addi-
tionally, the role of age-related immune modulation in cancer
immunotherapy is largely ignored. Since most cancer patients are
elderly, and the importance of cancer immunotherapy is increasing,
studying immune responses to cancer, including DC/T cell interac-
tions, in the older age groups will be crucial to improve the success
of cancer immunotherapy. Nonetheless, the literature suggests
targeting inhibitory molecules/pathways represents a promising
strategy to complement other approaches for restoring DC and T
cell function in elderly cancer patients.

Funding sources

This study was supported by the School of Biomedical Sciences,
Curtin University, and the Cancer Council Western Australia.

Acknowledgements

The authors acknowledge the Curtin Health Innovation Research
Institute and the School of Biomedical Sciences, Curtin University
for provision of research facilities.

References

Agrawal, A., Gupta, S., 2011. Impact of aging on dendritic cell functions in humans.
Ageing Res. Rev. 10, 336-345.

Agrawal, A, Agrawal, S., Cao, ].N,, Su, H., Osann, K., Gupta, S., 2007a. Altered innate
immune functioning of dendritic cells in elderly humans: a role of
phosphoinositide 3-kinase-signaling pathway. J. Immunol. 178, 6912-6922.

Agrawal, A., Agrawal, S., Gupta, S., 2007b. Dendritic cells in human aging. Exp.
Gerontol. 42, 421-426.

Agrawal, A, Agrawal, S., Tay, J., Gupta, S., 2008. Biology of dendritic cells in aging. J.
Clin. Immunol. 28, 14-20.

Agrawal, A, Tay, J., Ton, S., Agrawal, S., Gupta, S., 2009. Increased reactivity of
dendritic cells from aged subjects to self-antigen, the human DNA. J. Immunol.
182,1138-1145.

Agrawal, A, Sridharan, A., Prakash, S., Agrawal, H., 2012. Dendritic cells and aging:
consequences for autoimmunity. Expert Rev. Clin. Immunol. 8, 73-80.

Anderson, Ana C., Joller, N., Kuchroo Vijay, K., 2016. Lag-3, Tim-3, and TIGIT:
co-inhibitory receptors with specialized functions in immune regulation.
Immunity 44, 989-1004.

Anderson, A.C.,, 2014. Tim-3: an emerging target in the cancer immunotherapy
landscape Cancer. Immunol. Res. 2, 393-398.

Antonioli, L., Blandizzi, C., Pacher, P., Hasko, G., 2013. Immunity, inflammation and
cancer: a leading role for adenosine. Nat. Rev. Cancer 13, 842-857.

Antonioli, L., Yegutkin, G.G., Pacher, P., Blandizzi, C., Haské, G., 2016. Anti-CD73 in
cancer immunotherapy: awakening new opportunities. Trends Cancer 2,
95-109.

Bastid, J., Cottalorda-Regairaz, A., Alberici, G., Bonnefoy, N., Eliaou, J.F., Bensussan,
A., 2013. ENTPD1/CD39 is a promising therapeutic target in oncology.
Oncogene 32, 1743-1751.

Bektas, A., Zhang, Y., Wood, W.H., Becker, K.G., Madara, K., Ferrucci, L., Sen, R.,
2013. Age-associated alterations in inducible gene transcription in human
CD4(+) T lymphocytes. Aging (Albany NY) 5, 18-36.

Bhushan, M., Cumberbatch, M., Dearman, R.J., Kimber, L, Griffiths, C.E.M., 2004.
Exogenous interleukin-1f3 restores impaired Langerhans cell migration in aged
skin. Br. ]. Dermatol. 150, 1217-1218.


http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0005
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0010
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0015
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0020
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0025
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0030
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0035
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0040
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0045
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0050
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0055
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0060
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0065

J.K. Gardner et al. / Ageing Research Reviews 38 (2017) 40-51 49

Bonnefoy, N., Bastid, J., Alberici, G., Bensussan, A., Eliaou, J.-F., 2015. CD39: a
complementary target to immune checkpoints to counteract tumor-mediated
immunosuppression. Oncolmmunology 4, e1003015.

Bono, M.R,, Fernandez, D., Flores-Santibafez, F., Rosemblatt, M., Sauma, D., 2015.
CD73 and CD39 ectonucleotidases in T cell differentiation: beyond
immunosuppression. FEBS Lett. 589, 3454-3460.

Boss, G.R., Thompson, L.F., Spiegelberg, H.L., Pichler, W.]., Seegmiller, J.E., 1980.
Age-dependency of lymphocyte ecto-5"-nucleotidase activity. ]. Immunol. 125,
679-682.

Boucher, N., Dufeu-Duchesne, T., Vicaut, E., Farge, D., Effros, R.B., Schachter, F.,
1998. CD28 expression in T cell aging and human longevity. Exp. Gerontol. 33,
267-282.

Canaday, D.H., Parker, K.E., Aung, H., Chen, H.E., Nunez-Medina, D., Burant, CJ.,
2013. Age-dependent changes in the expression of regulatory cell surface
ligands in activated human T-cells. BMC Immunol. 14, 1-5.

Cannizzo, E.S., Clement, C.C., Morozova, K., Valdor, R, Kaushik, S., Almeida, L.N.,
Follo, C., Sahu, R., Cuervo, A.M., Macian, F., Santambrogio, L., 2012. Age-related
oxidative stress compromises endosomal proteostasis. Cell Rep. 2, 136-149.

Cao, J.N,, Gollapudi, S., Sharman, E.H,, Jia, Z., Gupta, S., 2010. Age-related alterations
of gene expression patterns in human CD8+ T cells. Aging Cell 9, 19-31.

Cao, J.-n., Agrawal, A., Sharman, E., Jia, Z., Gupta, S., 2014. Alterations in gene array
patterns in dendritic cells from aged humans. PLoS One 9, e106471.

Chahal, H.S., Drake, W.M., 2007. The endocrine system and ageing. J. Pathol. 211,
173-180.

Chandra, D., Jahangir, A., Quispe-Tintaya, W., Einstein, M.H., Gravekamp, C., 2013.
Myeloid-derived suppressor cells have a central role in attenuated Listeria
monocytogenes-based immunotherapy against metastatic breast cancer in
young and old mice. Br. J. Cancer 108, 2281-2290.

Channappanavar, R., Twardy, B.S., Krishna, P., Suvas, S., 2009. Advancing age leads
to predominance of inhibitory receptor expressing CDA4T cells. Mech. Ageing
Dev. 130, 709-712.

Chen, L., Flies, D.B., 2013. Molecular mechanisms of T cell co-stimulation and
co-inhibition. Nat. Rev. Immunol. 13, 227-242.

Chiarion Sileni, V., Pigozzo, J., Ascierto, P.A., Grimaldi, A.M., Maio, M., Di Guardo, L.,
Marchetti, P., de Rosa, F., Nuzzo, C., Testori, A., Cocorocchio, E., Bernengo, M.G.,
Guida, M., Marconcini, R., Merelli, B., Parmiani, G., Rinaldi, G., Aglietta, M.,
Grosso, M., Queirolo, P., 2014. Efficacy and safety of ipilimumab in elderly
patients with pretreated advanced melanoma treated at Italian centres
through the expanded access programme. J. Exp. Clin. Cancer Res. 33, 30.

Chougnet, C.A,, Thacker, R.I, Shehata, H.M., Hennies, C.M., Lehn, M.A., Lages, C.S.,
Janssen, E.M., 2015. Loss of phagocytic and antigen cross-presenting capacity
in aging dendritic cells is associated with mitochondrial dysfunction. J.
Immunol. 195, 2624-2632.

Ciaramella, A,, Spalletta, G., Bizzoni, F., Salani, F., Caltagirone, C., Bossu, P., 2011.
Effect of age on surface molecules and cytokine expression in human dendritic
cells. Cell. Immunol. 269, 82-89.

Couper, K.N., Blount, D.G., Riley, E.M., 2008. [L-10: the master regulator of
immunity to infection. J. Immunol. 180, 5771-5777.

Crozat, K., Guiton, R., Guilliams, M., Henri, S., Baranek, T., Schwartz-Cornil, 1.,
Malissen, B., Dalod, M., 2010. Comparative genomics as a tool to reveal
functional equivalences between human and mouse dendritic cell subsets.
Immunol. Rev. 234, 177-198.

Decman, V., Laidlaw, BJ., Doering, T.A., Leng, J., Ertl, H.C]J., Goldstein, D.R., Wherry,
EJ., 2012. Defective CDS8T cell responses in aged mice are due to quantitative
and qualitative changes in virus-specific precursors. J. Inmunol. 188,
1933-1941.

Della Bella, S., Bierti, L., Presicce, P., Arienti, R., Valenti, M., Saresella, M., Vergani, C.,
Villa, M.L,, 2007. Peripheral blood dendritic cells and monocytes are differently
regulated in the elderly. Clin. Immunol. 122, 220-228.

Derhovanessian, E., Solana, R., Larbi, A., Pawelec, G., 2008. Immunity, ageing and
cancer. Immun. Ageing 5.

Dolfi, D.V., Mansfield, K.D., Polley, A.M., Doyle, S.A., Freeman, G.J., Pircher, H.,
Schmader, K.E., Wherry, EJ., 2013. Increased T-bet is associated with
senescence of influenza virus-specific CD8T cells in aged humans. J. Leukoc.
Biol. 93, 825-836.

Effros, R.B., Boucher, N., Porter, V., Zhu, X., Spaulding, C., Walford, R.L., Kronenberg,
M., Cohen, D., Schachter, F., 1994. Decline in CD28+ T cells in centenarians and
in long-term T cell cultures: a possible cause for both in vivo and in vitro
immunosenescence. Exp. Gerontol. 29, 601-609.

El Mezayen, R., El Gazzar, M., Myer, R., High, K.P., 2009. Aging-dependent
upregulation of IL-23p19 gene expression in dendritic cells is associated with
differential transcription factor binding and histone modifications. Aging Cell
8, 553-565.

Elias, R., Morales, J., Rehman, Y., Khurshid, H., 2016. Immune checkpoint inhibitors
in older adults. Curr. Oncol. Rep. 18, 47.

Fagnoni, F.F., Vescovini, R., Mazzola, M., Bologna, G., Nigro, E., Lavagetto, G.,
Franceschi, C., Passeri, M., Sansoni, P., 1996. Expansion of cytotoxic CD8+
CD28- T cells in healthy ageing people, including centenarians. Inmunology
88, 501-507.

Fang, F., Yu, M., Cavanagh Mary, M., Hutter Saunders, J., Qi, Q., Ye, Z., Le Saux, S.,
Sultan, W., Turgano, E., Dekker Cornelia, L., Tian, L., Weyand Cornelia, M.,
Goronzy Jorg, J., 2016. Expression of CD39 on activated T cells impairs their
survival in older individuals. Cell Rep. 14, 1218-1231.

Flood, P.M., Urban, J.L., Kripke, M.L., Schreiber, H., 1981. Loss of tumor-specific and
idiotype-specific immunity with age. J. Exp. Med. 154, 275-290.

Flood, P.M,, Liu, X., Alexander, R., Schreiber, H., Haque, S., 1998. Loss of resistance
to a highly immunogenic tumor with age corresponds to the decline of CD8T
cell activity. J. Immunother. 21, 307-316.

Franceschi, C., Campisi, J., 2014. Chronic inflammation (inflammaging) and its
potential contribution to age-associated diseases. J. Gerontol. A Biol. Sci. Med.
Sci. 69, S4-S9.

Freeman, M., Weber, ]., 2015. Subset analysis of the safety and efficacy of
nivolumab in elderly patients with metastatic melanoma. J. Immunother.
Cancer 3, P133.

Fulop, T., Kotb, R,, Fortin, C.F., Pawelec, G., de Angelis, F., Larbi, A., 2010. Potential
role of immunosenescence in cancer development. Ann. N. Y. Acad. Sci. 1197,
158-165.

Garcia, G.G., Miller, RA., 2011. Age-related defects in the cytoskeleton signaling
pathways of CDAT cells. Ageing Res. Rev. 10, 26-34.

Gardner, D., Jeffery, L.E., Sansom, D.M., 2014a. Understanding the CD28/CTLA-4
(CD152) pathway and its implications for costimulatory blockade. Am. J.
Transplant. 14, 1985-1991.

Gardner, J.K., Mamotte, C.D., McGonigle, T., Dye, D.E., Jackaman, C., Nelson, D.J.,
2014b. Lipid-laden partially-activated plasmacytoid and CD4-CD8a+ dendritic
cells accumulate in tissues in elderly mice. Immun. Ageing 11, 1-12.

Garg, S.K,, Delaney, C., Toubai, T., Ghosh, A., Reddy, P., Banerjee, R., Yung, R., 2014.
Aging is associated with increased regulatory T-cell function. Aging Cell 13,
441-448.

Ghersetich, I, Lotti, T., 1994. Alpha-interferon cream restores decreased levels of
Langerhans/indeterminate (CD1a+) cells in aged and PUVA-treated skin. Skin
Pharmacol. 7, 118-120.

Gigley, J.P., Khan, L.A., 2011. Plasmacytoid DC from aged mice down-regulate CD8T
cell responses by inhibiting cDC maturation after Encephalitozoon cuniculi
infection. PLoS One 6, e20838.

Goldberg, M.V., Drake, C.G., 2011. LAG-3 in cancer immunotherapy. Curr. Top.
Microbiol. Immunol. 344, 269-278.

Goronzy, ].J., Fang, F., Cavanagh, M.M,, Qi, Q., Weyand, C.M., 2015. Naive T cell
maintenance and function in human aging. J. Immunol. 194, 4073-4080.

Gravekamp, C., Kim, S.H., Castro, F., 2009. Cancer vaccination: manipulation of
immune responses at old age. Mech. Ageing Dev. 130, 67-75.

Gregg, R., Smith, C.M.,, Clark, F.J., Dunnion, D., Khan, N., Chakraverty, R., Nayak, L.,
Moss, P.A., 2005. The number of human peripheral blood CD4+CD25 high
regulatory T cells increases with age. Clin. Exp. Immunol. 140, 540-546.

Grewe, M., 2001. Chronological ageing and photoageing of dendritic cells. Clin.
Exp. Dermatol. 26, 608-612.

Grizzle, W.E., Xu, X., Zhang, S., Stockard, C.R,, Liy, C,, Yu, S., Wang, J., Mountz, ].D.,
Zhang, H.G., 2007. Age-related increase of tumor susceptibility is associated
with myeloid-derived suppressor cell mediated suppression of T cell
cytotoxicity in recombinant inbred BXD12 mice. Mech. Ageing Dev. 128,
672-680.

Grolleau-Julius, A., Garg, M.R., Mo, R., Stoolman, L.L., Yung, R.L., 2006. Effect of
aging on bone marrow-derived murine CD11c + CD4-CD8«- dendritic cell
function. J. Gerontol. A Biol. Sci. Med. Sci. 61, 1039-1047.

Grolleau-Julius, A., Harning, E.K., Abernathy, L.M., Yung, R.L., 2008. Impaired
dendritic cell function in aging leads to defective antitumor immunity. Cancer
Res. 68, 6341-6349.

Gupta, S., Agrawal, A., 2013. Inflammation & autoimmunity in human ageing:
dendritic cells take a center stage. Ind. J. Med. Res. 138, 711-716.

Gupta, S., 2014. Role of dendritic cells in innate and adaptive immune response in
human aging. Exp. Gerontol. 54, 47-52.

Haniffa, M., Shin, A., Bigley, V., McGovern, N., Teo, P., See, P., Wasan, P.S., Wang,
X.N., Malinarich, F., Malleret, B., Larbi, A, Tan, P., Zhao, H., Poidinger, M., Pagan,
S., Cookson, S., Dickinson, R., Dimmick, L, Jarrett, R.F., Renia, L., Tam, ], Song, C.,
Connolly, J., Chan, J.K., Gehring, A., Bertoletti, A., Collin, M., Ginhoux, F., 2012.
Human tissues contain CD141hi cross-presenting dendritic cells with
functional homology to mouse CD103+ nonlymphoid dendritic cells. Immunity
37,60-73.

Harman, A.N,, Bye, C.R,, Nasr, N., Sandgren, K]J., Kim, M., Mercier, S.K,, Botting, R.A.,
Lewin, S.R., Cunningham, A.L., Cameron, P.U., 2013. Identification of lineage
relationships and novel markers of blood and skin human dendritic cells. J.
Immunol. 190, 66-79.

Hawiger, D., Inaba, K., Dorsett, Y., Guo, M., Mahnke, K., Rivera, M., Ravetch, J.V.,
Steinman, R.M., Nussenzweig, M.C., 2001. Dendritic cells induce peripheral T
cell unresponsiveness under steady state conditions in vivo. J. Exp. Med. 194,
769-779.

Helissey, C., Vicier, C., Champiat, S., 2016. The development of immunotherapy in
older adults: new treatments, new toxicities? J. Geriatr. Oncol. 7, 325-333.

Herman, A.E., Freeman, G.J., Mathis, D., Benoist, C., 2004. CD4(+)CD25(+) T
regulatory cells dependent on ICOS promote regulation of effector cells in the
prediabetic lesion. J. Exp. Med. 199, 1479-1489.

Hesdorffer, C.S., Malchinkhuu, E., Biragyn, A., Mabrouk, O.S., Kennedy, R.T., Madara,
K., Taub, D.D., Longo, D.L., Schwartz, ].B., Ferrucci, L., Goetzl, E.J., 2012.
Distinctive immunoregulatory effects of adenosine on T cells of older humans.
FASEB J. 26, 1301-1310.

Hobbs, M.V., Weigle, W.0., Ernst, D.N., 1994. Interleukin-10 production by splenic
CD4+ cells and cell subsets from young and old mice. Cell. Immunol. 154,
264-272.

Hubo, M., Trinschek, B., Kryczanowsky, F., Tuettenberg, A., Steinbrink, K., Jonuleit,
H., 2013. Costimulatory molecules on immunogenic versus tolerogenic human
dendritic cells. Front. Immunol. 4, 82-96.


http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0070
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0075
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0080
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0085
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0090
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0095
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0100
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0105
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0110
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0115
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0120
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0125
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0130
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0135
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0140
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0145
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0150
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0155
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0160
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0165
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0170
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0175
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0180
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0185
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0190
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0195
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0200
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0205
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0210
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0215
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0220
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0225
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0230
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0235
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0240
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0245
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0250
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0255
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0260
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0265
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0270
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0275
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0280
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0285
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0290
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0295
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0300
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0305
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0310
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0315
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0320
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0325
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0330
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0335
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0340

50 J.K. Gardner et al. / Ageing Research Reviews 38 (2017) 40-51

Hurez, V., Daniel, BJ., Sun, L,, Liu, A.-]., Ludwig, S.M,, Kious, M., Thibodeaux, S.R.,
Pandeswara, S., Murthy, K., Livi, C.B., Wall, S., Brumlik, M.J., Shin, T., Zhang, B.,
Curiel, T.J., 2012. Mitigating age-related immune dysfunction heightens the
efficacy of tumor immunotherapy in aged mice. Cancer Res. 72, 2089-2099.

Hurez, V., Dao, V., Liu, A., Pandeswara, S., Gelfond, J., Sun, L., Bergman, M., Orihuela,
CJ., Galvan, V., Padron, A., Drerup, J., Liu, Y., Hasty, P., Sharp, Z.D., Curiel, T.J.,
2015. Chronic mTOR inhibition in mice with rapamycin alters T, B, myeloid,
and innate lymphoid cells and gut flora and prolongs life of immune-deficient
mice. Aging Cell 14, 945-956.

Hurez, V., Padrén, A.S., Svatek, R.S., Curiel, T.J., 2017. Considerations for successful
cancer immunotherapy in aged hosts. Clin. Exp. Immunol. 187, 53-63.

Hwang, K.-A., Kim, H.-R., Kang, 1., 2009. Aging and human CD4(+) regulatory T cells.
Mech. Age. Dev. 130, 509-517.

Indrasingh, L., Chandi, G., Jeyaseelan, L., Vettivel, S., Chandi, S.M., 1999. Quantitative
analysis of CD1a (T6) positive Langerhans cells in human tonsil epithelium.
Anat. Anz. 181, 567-572.

Inoue, S., Suzuki, K., Komori, Y., Morishita, Y., Suzuki-Utsunomiya, K., Hozumi, K.,
Inokuchi, S., Sato, T., 2014. Persistent inflammation and T cell exhaustion in
severe sepsis in the elderly. Crit. Care 18, R130.

Jackaman, C., Radley-Crabb, H.G., Soffe, Z., Shavlakadze, T., Grounds, M.D., Nelson,
D.J., 2013. Targeting macrophages rescues age-related immune deficiencies in
C57BL/6] geriatric mice. Aging Cell 12, 345-357.

Jackaman, C., Dye, D.E., Nelson, D.J., 2014. IL-2/CD40-activated macrophages rescue
age and tumor-induced T cell dysfunction in elderly mice. Age 36, 9655.

Jiang, J., Bennett, AJ., Fisher, E., Williams-Bey, Y., Shen, H., Murasko, D.M., 2009.
Limited expansion of virus-specific CD8T cells in the aged environment. Mech.
Age. Dev. 130, 713-721.

Jing, Y., Shaheen, E., Drake, R.R.,, Chen, N., Gravenstein, S., Deng, Y., 2009. Aging is
associated with a numerical and functional decline in plasmacytoid dendritic
cells, whereas myeloid dendritic cells are relatively unaltered in human
peripheral blood. Hum. Immunol. 70, 777-784.

Keir, M.E., Francisco, L.M., Sharpe, A.H., 2007. PD-1 and its ligands in T-cell
immunity. Curr. Opin. Immunol. 19, 309-314.

Kuchroo, VK., Dardalhon, V., Xiao, S., Anderson, A.C., 2008. New roles for TIM
family members in immune regulation. Nat. Rev. Immunol. 8, 577-580.

Kurban, R.S., Bhawan, ]., 1990. Histologic changes in skin associated with aging. J.
Dermatol. Surg. Oncol. 16, 908-914.

Lages, C.S., Suffia, L, Velilla, P.A., Huang, B., Warshaw, G., Hildeman, D.A., Belkaid, Y.,
Chougnet, C., 2008. Functional regulatory T cells accumulate in aged hosts and
promote chronic infectious disease reactivation. J. Immunol. 181, 1835-1848.

Lages, C.S., Lewkowich, L., Sproles, A., Wills-Karp, M., Chougnet, C., 2010. Partial
restoration of T-cell function in aged mice by in vitro blockade of the
PD-1/PD-L1 pathway. Aging Cell 9, 785-798.

Larbi, A., Pawelec, G., Wong, S.C., Goldeck, D., Tai, ].J., Fulop, T., 2011. Impact of age
on T cell signaling: a general defect or specific alterations? Ageing Res. Rev. 10,
370-378.

Lawton, K.A., Berger, A., Mitchell, M., Milgram, K.E., Evans, A.M., Guo, L., Hanson,
R.W., Kalhan, S.C.,, Ryals, ].A., Milburn, M.V., 2008. Analysis of the adult human
plasma metabolome. Pharmacogenomics 9, 383-397.

Lee, K.A,, Shin, K.S., Kim, G.Y., Song, Y.C., Bae, E.A,, Kim, LK., Koh, C.H,, Kang, C.Y.,
2016. Characterization of age-associated exhausted CD8(+) T cells defined by
increased expression of Tim-3 and PD-1. Aging Cell 15, 291-300.

Leng, Q., Bentwich, Z., Borkow, G., 2002. CTLA-4 upregulation during aging. Mech.
Ageing Dev. 123, 1419-1421.

Leone, R.D,, Lo, Y.-C., Powell, ].D., 2015. A2aR antagonists: next generation
checkpoint blockade for cancer immunotherapy. Comp. Struct. Biotechnol. J.
13,265-272.

Li, F., Yarilin, D.A., Valiando, J., Ronco, A., Weksler, M.E., Szabo, P., Posnett, D.N.,
2002. Tumor antigen drives a persistent oligoclonal expansion of CD8+ T cells
in aged mice. Eur. ]. Immunol. 32, 1650-1658.

Li, M.O., Wan, Y.Y., Sanjabi, S., Robertson, A.K., Flavell, R.A., 2006. Transforming
growth factor-beta regulation of immune responses. Annu. Rev. Immunol. 24,
99-146.

Li, G., Smithey, M.]., Rudd, B.D., Nikolich-Zugich, ]., 2012a. Age-associated
alterations in CD8alpha+ dendritic cells impair CD8 T-cell expansion in
response to an intracellular bacterium. Aging Cell 11, 968-977.

Li, G., Yu, M,, Lee, W.W.,, Tsang, M., Krishnan, E., Weyand, C.M., Goronzy, ].J., 2012b.
Decline in miR-181a expression with age impairs T cell receptor sensitivity by
increasing DUSP6 activity. Nat. Med. 18, 1518-1524.

Lu, C, Redd, P.S,, Lee, ].R,, Savage, N,, Liu, K., 2016. The expression profiles and
regulation of PD-L1 in tumor-induced myeloid-derived suppressor cells.
Oncoimmunology 5, e1247135.

Lundberg, K., Albrekt, A.-S., Nelissen, L., Santegoets, S., de Gruijl, T.D., Gibbs, S.,
Lindstedt, M., 2013. Transcriptional profiling of human dendritic cell
populations and models — unique profiles of in vitro dendritic cells and
implications on functionality and applicability. PLoS One 8, e52875.

Lung, T.L., Saurwein-Teissl, M., Parson, W., Schonitzer, D., Grubeck-Loebenstein, B.,
2000. Unimpaired dendritic cells can be derived from monocytes in old age
and can mobilize residual function in senescent T cells. Vaccine 18, 1606-1612.

Magrone, T., Jirillo, E., 2013. The interaction between gut microbiota and
age-related changes in immune function and inflammation. Immun. Ageing 10,
31.

Mannick, J.B., Del Giudice, G., Lattanzi, M., Valiante, N.M., Praestgaard, J., Huang, B.,
Lonetto, M.A., Maecker, H.T., Kovarik, J., Carson, S., Glass, D.]., Klickstein, L.B.,
2014. mTOR inhibition improves immune function in the elderly. Sci. Transl.
Med. 6, 268ra179.

McClanahan, F., Riches, ].C.,, Miller, S., Day, W.P., Kotsiou, E., Neuberg, D., Croce,
C.M,, Capasso, M., Gribben, J.G., 2015. Mechanisms of PD-L1/PD-1-mediated
CD8 T-cell dysfunction in the context of aging-related immune defects in the
EW-TCL1 CLL mouse model. Blood 126, 212-221.

Merad, M., Sathe, P., Helft, ]., Miller, J., Mortha, A., 2013. The dendritic cell lineage:
ontogeny and function of dendritic cells and their subsets in the steady state
and the inflamed setting. Annu. Rev. Immunol. 31, 563-604.

Mirza, N., Duque, M.A., Dominguez, A.L., Schrum, A.G., Dong, H., Lustgarten, J.,
2010. B7-H1 expression on old CD8+ T cells negatively regulates the activation
of immune responses in aged animals. J. Immunol. 184, 5466-5474.

Mirza, N., Pollock, K., Hoelzinger, D.B., Dominguez, A.L., Lustgarten, J., 2011.
Comparative kinetic analyses of gene profiles of naive CD4+ and CD8+ T cells
from young and old animals reveal novel age-related alterations. Aging Cell 10,
853-867.

Mittag, D., Proietto, A.L, Loudovaris, T., Mannering, S.I., Vremec, D., Shortman, K.,
Wu, L., Harrison, L.C., 2011. Human dendritic cell subsets from spleen and
blood are similar in phenotype and function but modified by donor health
status. J. Immunol. 186, 6207-6217.

Mittal, D., Gubin, M.M.,, Schreiber, R.D., Smyth, M., 2014. New insights into cancer
immunoediting and its three component phases—elimination, equilibrium and
escape. Curr. Opin. Immunol. 27, 16-25.

Moskowitz, D.M., Zhang, D.W., Hy, B., Le Saux, S., Yanes, R.E., Ye, Z., Buenrostro, ].D.,
Weyand, C.M., Greenleaf, W.J., Goronzy, ].J., 2017. Epigenomics of human CD8T
cell differentiation and aging. Sci. Immunol. 2.

Motz, G.T., Coukos, G., 2013. Deciphering and reversing tumor immune
suppression. Immunity 39, 61-73.

Murakami, N., Riella, L.V., 2014. Co-inhibitory pathways and their importance in
immune regulation. Transplantation 98, 3-14.

Myer, R.G., El Mezayen, R., High, K.P., 2010. Prostaglandin E2-dependent IL-23
production in aged murine dendritic cells. Exp. Gerontol. 45, 834-841.

Nakahama, M., Mohri, N., Mori, S., Shindo, G., Yokoi, Y., Machinami, R., 1990.
Immunohistochemical and histometrical studies of the human thymus with
special emphasis on age-related changes in medullary epithelial and dendritic
cells. Virchows Arch. B Cell Pathol. Incl. Mol. Pathol. 58, 245-251.

Nikolich-Zugich, J., 2014. Aging of the T cell compartment in mice and humans:
from no naive expectations to foggy memories. J. Immunol. 193, 2622-2629.

Nishijima, T.F., Muss, H.B., Shachar, S.S., Moschos, S.J., 2016. Comparison of efficacy
of immune checkpoint inhibitors (ICIs) between younger and older patients: a
systematic review and meta-analysis. Cancer Treat. Rev. 45, 30-37.

Nishikawa, H., Sakaguchi, S., 2010. Regulatory T cells in tumor immunity. Int. J.
Cancer 127, 759-767.

Norian, L.A., Allen, P.M., 2004. No intrinsic deficiencies in CD8+ T cell-mediated
antitumor immunity with aging. J. Immunol. 173, 835-844.

Norrie, I.C., Ohlsson, E., Nielsen, O., Hasemann, M.S., Porse, B.T., 2014. C/EBP« is
dispensable for the ontogeny of PD-1+ CD4+ memory T cells but restricts their
expansion in an age-dependent manner. PLoS One 9, e84728.

O’Neill, L.AJ., Pearce, E.J., 2016. Immunometabolism governs dendritic cell and
macrophage function. J. Exp. Med. 213, 15-23.

Ordemann, R., Hutchinson, R., Friedman, J., Burakoff, S.J., Reddy, P., Duffner, U.,
Braun, T.M,, Liu, C,, Teshima, T., Ferrara, J.L.M., 2002. Enhanced allostimulatory
activity of host antigen-presenting cells in old mice intensifies acute
graft-versus-host disease. ]. Clin. Invest. 109, 1249-1256.

Pardoll, D.M., 2012. The blockade of immune checkpoints in cancer
immunotherapy. Nat. Rev. Cancer 12, 252-264.

Pashenkov, M., Kouwenhoven, M.C., Ozenci, V., Huang, Y.M., 2000. Phenotypes and
cytokine profiles of enriched blood dendritic cells in healthy individuals. Eur.
Cytokine Netw. 11, 456-463.

Pawelec, G., 2012. Hallmarks of human immunosenescence: adaptation or
dysregulation? Immun. Ageing 9, 15.

Pawelec, G., 2014. T-cell immunity in the aging human. Haematologica, Italy,
795-797.

Pearce, E.J., Everts, B., 2015. Dendritic cell metabolism. Nat. Rev. Immunol. 15,
18-29.

Pereira, L.F.,, Duarte de Souza, A.P., Borges, TJ., Bonorino, C., 2011. Impaired in vivo
CD4+ T cell expansion and differentiation in aged mice is not solely due to T
cell defects: decreased stimulation by aged dendritic cells. Mech. Age. Dev.
132,187-194.

Pietschmann, P., Hahn, P., Kudlacek, S., Thomas, R., Peterlik, M., 2000. Surface
markers and transendothelial migration of dendritic cells from elderly
subjects. Exp. Gerontol. 35, 213-224.

Ping, L., Asai, A., Okada, A., Isobe, K., Nakajima, H., 2003. Dramatic increase of
telomerase activity during dendritic cell differentiation and maturation. J.
Leukoc. Biol. 74, 270-276.

Prakash, S., Agrawal, S., Cao, J.-n., Gupta, S., Agrawal, A., 2013. Impaired secretion of
interferons by dendritic cells from aged subjects to influenza: role of histone
modifications. Age 35, 1785-1797.

Qian, F,, Wang, X., Zhang, L., Lin, A., Zhao, H., Fikrig, E., Montgomery, R.R., 2011.
Impaired interferon signaling in dendritic cells from older donors infected
in vitro with West Nile virus. ]. Infect. Dis. 203, 1415-1424.

Robbins, S.H., Walzer, T., Dembélé, D., Thibault, C., Defays, A., Bessou, G., Xu, H.,
Vivier, E., Sellars, M., Pierre, P., Sharp, F.R,, Chan, S., Kastner, P., Dalod, M., 2008.
Novel insights into the relationships between dendritic cell subsets in human
and mouse revealed by genome-wide expression profiling. Genome Biol. 9,
1-27.

Ron-Harel, N., Sharpe, A.H., Haigis, M.C., 2015. Mitochondrial metabolism in T cell
activation and senescence: a mini-review. Gerontology 61, 131-138.


http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0345
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0350
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0355
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0360
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0365
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0370
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0375
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0380
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0385
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0390
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0395
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0400
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0405
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0410
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0415
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0420
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0425
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0430
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0435
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0440
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0445
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0450
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0455
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0460
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0465
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0470
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0475
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0480
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0485
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0490
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0495
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0500
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0505
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0510
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0515
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0520
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0525
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0530
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0535
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0540
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0545
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0550
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0555
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0560
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0565
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0570
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0575
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0580
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0585
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0590
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0595
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0600
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0605
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0610
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0615
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0620
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0625
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0630
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0635

J.K. Gardner et al. / Ageing Research Reviews 38 (2017) 40-51 51

Santiago, A.F., Alves, A.C., Oliveira, R.P., Fernandes, R.M., Paula-Silva, ]., Assis, F.A.,
Carvalho, C.R., Weiner, H.L,, Faria, AM.C., 2011. Aging correlates with reduction
in regulatory-type cytokines and T cells in the gut mucosa. Immunobiology
216, 1085-1093.

Segura, E., Valladeau-Guilemond, J., Donnadieu, M.H., Sastre-Garau, X., Soumelis,
V., Amigorena, S., 2012. Characterization of resident and migratory dendritic
cells in human lymph nodes. ]. Exp. Med. 209, 653-660.

Segura, E., Durand, M., Amigorena, S., 2013. Similar antigen cross-presentation
capacity and phagocytic functions in all freshly isolated human lymphoid
organ-resident dendritic cells. J. Exp. Med. 210, 1035-1047.

Sena, Laura A, Li, S., Jairaman, A., Prakriya, M., Ezponda, T., Hildeman David, A.,
Wang, C.-R., Schumacker Paul, T., Licht Jonathan, D., Perlman, H., Bryce Paul, J.,
Chandel Navdeep, S., 2013. Mitochondria are required for antigen-specific T
cell activation through reactive oxygen species signaling. Immunity 38,
225-236.

Sepdlveda, C., Palomo, I, Fuentes, E., 2016. Role of adenosine A2b receptor
overexpression in tumor progression. Life Sci. 166, 92-99.

Sgambato, A., Casaluce, F., Gridelli, C., 2017. The role of checkpoint inhibitors
immunotherapy in advanced non-small cell lung cancer in the elderly. Expert
Opin. Biol. Ther. 17, 565-571.

Sharma, S., Lucia-Dominguez, A., Lustgarten, J., 2006. Aging affect the anti-tumor
potential of dendritic cell vaccination, but it can be overcome by
co-stimulation with anti-OX40 or anti-4-1BB. Exp. Gerontol. 41, 78-84.

Shaw, A.C,, Goldstein, D.R., Montgomery, R.R., 2013. Age-dependent dysregulation
of innate immunity. Nat. Rev. Immunol. 13, 875-887.

Shen, H., Tesar, B.M., Du, W., Goldstein, D.R., 2009. Aging impairs recipient T cell
intrinsic and extrinsic factors in response to transplantation. PLoS One 4,
e4097.

Shi, M., Bi, X,, Xu, S., He, Y., Guo, X,, Xiang, J., 2005. Increased susceptibility of
tumorigenicity and decreased anti-tumor effect of DC vaccination in aged mice
are potentially associated with increased number of NK1.1 + CD3+ NKT cells.
Exp. Oncol. 27, 125-129.

Shimada, Y., Hayashi, M., Nagasaka, Y., Ohno-Iwashita, Y., Inomata, M., 2009.
Age-associated up-regulation of a negative co-stimulatory receptor PD-1 in
mouse CD4+ T cells. Exp. Gerontol. 44, 517-522.

Shimatani, K., Nakashima, Y., Hattori, M., Hamazaki, Y., Minato, N., 2009. PD-1+
memory phenotype CD4+ T cells expressing C/EBPalpha underlie T cell
immunodepression in senescence and leukemia. Proc. Natl. Acad. Sci. U. S. A.
106, 15807-15812.

Shurin, M.R,, Shurin, G.V,, Chatta, G.S., 2007. Aging and the dendritic cell system:
implications for cancer. Crit. Rev. Oncol. Hematol. 64, 90-105.

Sridharan, A., Esposo, M., Kaushal, K., Tay, ]., Osann, K., Agrawal, S., Gupta, S.,
Agrawal, A., 2011. Age-associated impaired plasmacytoid dendritic cell
functions lead to decreased CD4 and CDS8T cell immunity. Age 33, 363-376.

Steger, M.M., Maczek, C., Grubeck-Loebenstein, B., 1996. Morphologically and
functionally intact dendritic cells can be derived from the peripheral blood of
aged individuals. Clin. Exp. Immunol. 105, 544-550.

Steinman, R.M., Banchereau, J., 2007. Taking dendritic cells into medicine. Nature
449, 419-426.

Stout-Delgado, H.W.,, Yang, X., Walker, W.E., Tesar, B.M., Goldstein, D.R., 2008.
Aging impairs IFN regulatory factor 7 up-regulation in plasmacytoid dendritic
cells during TLR9 activation. J. Immunol. 181, 6747-6756.

Tan, S.Y., Cavanagh, L.L.,, d’Advigor, W., Shackel, N., de St Groth, B.F., Weninger, W.,
2012. Phenotype and functions of conventional dendritic cells are not
compromised in aged mice. Immunol. Cell Biol. 90, 722-732.

Tatari-Calderone, Z., Stojakovic, M., Dewan, R., Bouder, G.L., Jankovic, D.,
Vukmanovic, S., 2012. Age-related accumulation of T cells with markers of
relatively stronger autoreactivity leads to functional erosion of T cells. BMC
Immunol. 13, 8.

Thiers, B.H., Maize, ].C., Spicer, S.S., Cantor, A.B., 1984. The effect of aging and
chronic sun exposure on human Langerhans cell populations. J. Invest.
Dermatol. 82, 223-226.

Tkachev, V., Goodell, S., Opipari, A.W., Hao, L.-Y., Franchi, L., Glick, G.D., Ferrara,
J.L.M., Byersdorfer, C.A., 2015. Programmed death-1 controls T cell survival by
regulating oxidative metabolism. ]. Immunol. 194, 5789-5800.

Topalian, Suzanne L., Drake Charles, G., Pardoll Drew, M., 2015. Immune
checkpoint blockade: a common denominator approach to cancer therapy.
Cancer Cell 27, 450-461.

Tran Janco, J.M., Lamichhane, P., Karyampudi, L., Knutson, K.L., 2015.
Tumor-infiltrating dendritic cells in cancer pathogenesis. . Immunol. 194,
2985-2991.

Tserel, L., Kolde, R., Limbach, M., Tretyakov, K., Kasela, S., Kisand, K., Saare, M., Vilo,
J., Metspalu, A., Milani, L., Peterson, P., 2015. Age-related profiling of DNA
methylation in CD8+ T cells reveals changes in immune response and
transcriptional regulator genes. Sci. Rep. 5, 13107.

Tu, W., Rao, S., 2016. Mechanisms underlying T cell immunosenescence: aging and
cytomegalovirus infection. Front. Microbiol. 7, 2111.

Ugel, S., De Sanctis, F., Mandruzzato, S., Bronte, V., 2015. Tumor-induced myeloid
deviation: when myeloid-derived suppressor cells meet tumor-associated
macrophages. J. Clin. Invest. 125, 3365-3376.

Urban, J.L., Schreiber, H., 1984. Rescue of the tumor-specific immune response of
aged mice in vitro. J. Immunol. 133, 527-534.

Vallejo, A.N., Nestel, A.R., Schirmer, M., Weyand, C.M., Goronzy, J.J., 1998.
Aging-related deficiency of CD28 expression in CD4+ T cells is associated with
the loss of gene-specific nuclear factor binding activity. J. Biol. Chem. 273,
8119-8129.

Varas, A., Saceddn, R., Hernandez-Lépez, C., Jiménez, E., Garcia-Ceca, J., Arias-Diaz,
J., Zapata, A.G., Vicente, A., 2003. Age-dependent changes in thymic
macrophages and dendritic cells. Microsc. Res. Technol. 62, 501-507.

Vocanson, M., Rozieres, A., Hennino, A., Poyet, G., Gaillard, V., Renaudineau, S.,
Achachi, A., Benetiere, ]., Kaiserlian, D., Dubois, B., Nicolas, J.F., 2010. Inducible
costimulator (ICOS) is a marker for highly suppressive antigen-specific T cells
sharing features of TH17/TH1 and regulatory T cells. J. Allergy Clin. Immunol.
126, 280-289 (289. e281-287).

Vukmanovic-Stejic, M., Sandhu, D., Seidel, J.A., Patel, N., Sobande, T.O., Agius, E.,
Jackson, S.E., Fuentes-Duculan, J., Suarez-Farinas, M., Mabbott, N.A., Lacy, K.E.,
Ogg, G., Nestle, F.O., Krueger, ].G., Rustin, M.H., Akbar, A.N., 2015. The
characterization of Varicella Zoster Virus-specific T cells in skin and blood
during aging. J. Invest. Dermatol. 135, 1752-1762.

Warrington, KJ., Vallejo, A.N., Weyand, C.M., Goronzy, ].J., 2003. CD28 loss in
senescent CD4+ T cells: reversal by interleukin-12 stimulation. Blood 101,
3543-3549.

Weng, N.-p., Akbar, A.N., Goronzy, J., 2009. CD28(—) T cells: their role in the
age-associated decline of immune function. Trends Immunol. 30, 306-312.

Weyand, C.M., Brandes, ]J.C., Schmidt, D., Fulbright, ].W., Goronzy, ].J., 1998.
Functional properties of CD4+ CD28- T cells in the aging immune system.
Mech. Ageing Dev. 102, 131-147.

Willems, F., Vollstedst, S., Suter, M., 2009. Phenotype and function of neonatal DC.
Eur. J. Immunol. 39, 26-35.

Win, S., Uenaka, A., Nakayama, E., 2002. Immune responses against allogeneic and
syngeneic tumors in aged C57BL/6 mice. Microbiol. Immunol. 46, 513-519.

Wong, C., Goldstein, D.R,, 2013. Impact of aging on antigen presentation cell
function of dendritic cells. Curr. Opin. Immunol. 25, 535-541.

Wong, C.P., Magnusson, K.R., Ho, E., 2010. Aging is associated with altered
dendritic cells subset distribution and impaired proinflammatory cytokine
production. Exp. Gerontol. 45, 163-169.

You, J., Dong, H., Mann, E.R., Knight, S.C., Yaqoob, P., 2013. Ageing impairs the T cell
response to dendritic cells. Immunobiology 218, 1077-1084.

You, J., Dong, H., Mann, E.R., Knight, S.C., Yaqoob, P., 2014. Probiotic modulation of
dendritic cell function is influenced by ageing. Immunobiology 219, 138-148.

Young, M.R,, Kolesiak, K., Achille, N.J., Meisinger, J., Gonzalez, E., Liu, SW.,
Wrone-Smith, T., Lathers, D.M., 2001. Impact of aging on immune modulation
by tumor. Cancer Immunol. Immunother. 50, 315-320.

Yu, M., Li, G, Lee, W.W., Yuan, M., Cui, D., Weyand, C.M., Goronzy, ].J., 2012. Signal
inhibition by the dual-specific phosphatase 4 impairs T cell-dependent B-cell
responses with age. Proc. Natl. Acad. Sci. U. S. A. 109, E879-888.

Zacca, E.R,, Crespo, MLL, Acland, R.P., Roselli, E., Ndfiez, N.G., Maccioni, M., Maletto,
B.A., Pistoresi-Palencia, M.C., Morén, G., 2015. Aging impairs the ability of
conventional dendritic cells to cross-prime CD8+ T cells upon stimulation with
a TLR7 ligand. PLoS One 10, e0140672.

Zarour, H.M,, 2016. Reversing T-cell dysfunction and exhaustion in cancer. Clin.
Cancer Res. 22, 1856-1864.

Zong, ]., Keskinov, A.A., Shurin, G.V., Shurin, M.R., 2016. Tumor-derived factors
modulating dendritic cell function. Cancer Immunol. Immunother. 65,
821-833.

van Dommelen, S.L.H., Rizzitelli, A., Chidgey, A., Boyd, R, Shortman, K., Wy, L., 2010.
Regeneration of dendritic cells in aged mice. Cell Mol. Immunol. 7, 108-115.


http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0640
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0645
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0650
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0655
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0660
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0665
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0670
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0675
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0680
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0685
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0690
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0695
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0700
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0705
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0710
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0715
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0720
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0725
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0730
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0735
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0740
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0745
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0750
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0755
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0760
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0765
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0770
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0775
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0780
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0785
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0790
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0795
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0800
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0805
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0810
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0815
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0820
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0825
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0830
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0835
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0840
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0845
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0850
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0855
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0860
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865
http://refhub.elsevier.com/S1568-1637(17)30099-5/sbref0865

	Modulation of dendritic cell and T cell cross-talk during aging: The potential role of checkpoint inhibitory molecules
	1 Introduction: dendritic cells and aging
	2 Inhibitory molecules in DC/T cell cross-talk and aging
	2.1 Programmed cell death ligand-1 (PD-L1), PD-L2 and programmed cell death protein-1 (PD-1)
	2.2 CD80, CD86 and cytotoxic t lymphocyte antigen-4 (CTLA-4)
	2.3 T cell immunoglobulin and mucin-domain containing-3 (TIM-3) and galectin-9 (GAL-9)
	2.4 Lymphocyte activation gene-3 (LAG-3) and MHC-II
	2.5 Inducible T cell co-stimulator (ICOS) and ICOS ligand (ICOSL)
	2.6 CD39, CD73, adenosine and adenosine receptors
	2.7 Anti-inflammatory cytokines: IL-10 and transforming growth factor (TGF)-β
	2.8 Understanding the current state of the art regarding aging and DC and t cell inhibitory molecules

	3 Potential mechanisms contributing to changes in DC and t cell inhibitory pathways during aging
	3.1 The potential influence of age-related cellular/molecular changes on inhibitory molecules in elderly DCs
	3.2 The potential influence of age-related cellular/molecular changes on inhibitory molecules in elderly T cells

	4 Aging, cancer and DC/T cell inhibitory molecules
	5 Targeting inhibitory molecules/pathways in aging and cancer
	6 Conclusions
	Funding sources
	Acknowledgements
	References


